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More  cihcuU  Argon. 

(AhittTMt) 

paper  •  are  described  dotorminntions  by  Professor 
1S«  iensity  of  argon  preparod  with  the  aid  of  magneflium. 
TIm  voiomo  actuuUy  weighed  was  163  c.c.  aud  tho  adnptol  mcou 
(wrolt  wa«  19* 941,  rtforrod  to  Oj  =  16.  At  that  time  a  satisfactory 
eoBeloaioii  as  to  tbo  density  of  argon  prepared  by  the  tnyguu  uietiiod 
of  OaTeodiali  hail  not  been  reached,  altbougb  a  preliminary  result 
(19 '7)  obUined  from  a  mixtaro  of  argon  aud  oiygeaf  wont  far  to 
thorn  IbftI  the  deontios  of  thv  gases  prejiared  by  tho  two  tnothods 
««X«  the  Mate.  la  onl«r  further  to  test  the  identity  of  the  gases,  it 
UiOQgbt  desirable  to  parsne  the  question  of  donsity ;  and  I  deter- 
tbo  event  prored,  somewhat  rashly,  to  attempt  large  scale 
««'sfaiti0B  of  pure  argon  with  the  globe  of  18u0  c.c.  capacity 
caB^uyed  in  farmer  troighings  of  gasoe  X  which  could  bo  obtained  in 
qaaatity. 

Tho  aooumnlation  of  tho  3  litree  of  argon,  required  for  convenient 
mtaiattg,  involved  tho  absoqttion  of  some  SOO  litres  of  nitrogen,  or 
whmi  800  litroa  of  tho  mixture  with  oxygen.  This  tcos  efifectod  at 
Uio  Ru^  Institntinn  with  tlio  apparatus  ali^dy  dc'acribod,§  and 
which  ta  capable  of  absorbing  the  mixture  at  tho  rate  of  about 
7  liLn*  par  himr.  The  operations  extended  themselves  over  nearly 
thftw  werks,  after  which  the  residual  gases  amounting  to  about 
]Q  litn.**,  atill  contaiuiii}^  oxygen  with  a  oonaidorablo  quantity  of 
nitiDgvn,  were  rvmovcd  Ui  tho  country  aud  transferred  to  a  special 
ipparatns  wberu  it  could  bo  prepared  for  weighing. 

For  thi*  purpose  tho  purifying  vessel  had  to  be  arranged  some- 
it  diffrrt-ntly  from  that  employed  in  the   preliminary  absorption 


•  B«yliiigh  aiHl  Bamaay,  Phil.  Trana.  vol.  186  A,  pp.  221,  238, 1895. 
t  lM.cii.^221. 
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2  Lord  Rayleigh,  [Jan.  17, 

of  nitrogen.  When  the  gas  is  withdrawn  fur  weighing,  the  space  left 
vacant  mnst  be  filled  np  with  liqnid,  and  afterwards  when  the  gas  is 
brought  back  for  repurification,  the  liqnid  mnst  be  remoytd.  In 
order  to  effect  this  the  working  vessel  (Fig.  7*)  commnnicates  by 
means  of  a  siphon  with  a  lO-litre  "  aspirating  bottle,"  the  ends  of 
the  siphon  being  situated  in  both  cases  near  the  bottom  of  the  liquid. 
In  this  way  the  alkaline  solution  may  be  made  to  pass  backwards 
and  forwards,  in  correspondence  with  the  desired  displacements  of 
gfts. 

There  is,  however,  one  objection  to  this  arrangement  which  requires 
to  be  met.  If  the  reserve  alkali  in  the  aspirating  bottle  were  allowed 
to  come  into  contact  with  air,  it  would  inevitably  dissolve  nitrogen, 
and  this  nitrogen  would  be  partially  liberated  again  in  the  working 
vessel,  and  eo  render  impossible  a  complete  elimination  of  tbat  gas 
from  the  mixture  of  argon  and  oxygeu.  By  means  of  two  more 
aspirating  bottles  an  atmosphere  of  oxygen  was  maintained  in  the 
first  buttle,  and  the  outermost  bottle,  connected  with  the  second  by  a 
rubber  hose,  gave  the  necessary  control  over  the  pressure. 

Five  glass  tubes  in  all  were  carried  through  the  large  rubber  cork 
by  which  the  neck  of  the  working  vessel  was  closed.  Two  of  these 
convey  the  electrodes:  one  is  the  siphon  for  the  supply  of  alkali, 
while  the  fourth  and  fifth  are  for  the  withdrawal  and  introduction  of 
the  gas,  the  former  being  bent  up  internally,  so  as  to  allow  almost 
the  whole  of  the  gaseous  contents  to  be  removed.  The  fifth  tube,  by 
which  the  gas  is  returned,  communicates  with  the  fall-tube  of  the 
T6pler  pnmp,  provision  being  made  for  the  overflow  of  mercury.  In 
this  way  the  gas,  after  weighing,  could  be  returned  to  the  working 
vessel  at  the  same  time  that  the  globe  was  exhausted.  It  would  be 
tedious  to  describe  in  detail  the  minor  arrangements.  Advantage 
was  frequently  taken  of  the  fact  that  oxygen  could  always  be  added 
with  impunity,  its  presence  in  the  working  vessel  being  a  necessity 
in  any  case. 

When  the  nitrogen  had  been  so  far  removed  that  it  was  thought 
desirable  to  execute  a  weighing,  the  gas  on  its  way  to  the  globe  had 
to  be  freed  from  oxygen  and  moisture.  The  purifying  tubes  contained 
copper  and  copper  oxide  maintained  at  a  r^  heat,  caustic  soda,  and 
phosphoric  anhydride.  In  all  other  respects  the  arrangements  were 
as  described  in  the  memoir  on  the  densities'  of  the  principal  ga8es,f 
the  weighing  globe  being  filled  at  0°,  and  at  the  pressure  of  the 
manometer  gauge. 

The  process  of  purification  with  the  means  at  my  command  proved 
to  be  extremely  slow.  The  gas  contained  more  nitrogen  than  had 
been  expected,  and  the  contraction  went  on  from  day  to  day  until 
I  almost  despaired  of  reaching  a  conclusion.  But  at  last  the  visible 
contraction  ceased,  and  soon  afterwards  the  yellow  line  of  nitrogen 

•  Phil.  Trans,  loc.  cii  p.  218. 

t  Boy.  See.  Proc.  vol.  53,  p.  134,  1893. 
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dimppaarcsl  from  tlie  spectria  of  Ute  jmr  iimhmrgs.*  After  m  little 
man  sparking.  •  mtwhtiarj  wtif^tiag  «■■  oliteiBad  oa  Hkf  23, 
IS9S ;  bttt,  in  attcmptiiig  to  repeal,  •  bcaltage  ocratfod,  hj  wUA  a 
UlM  of  air  entered,  end  tbe  vbole  prnwrn  dT  porifieettoa  bad  to  be 
lewMMMaoed.  The  object  in  viev  was  to  effect,  if  pnerihle.  a  iCTwa 
o(  veig^ia^B  with  intenaediato  ^arkii^s,  eo  a*  to  obtain  erideoea 
that  Ae  ponficstioo  had  rmUj  nacbed  a  limit.  The  aeeoad  atteapt 
vaa  aeaxedy  more  aaflc—fal,  anotber  aori«ieHt  wwiiiug  wben  two 
vdgbiBga  00I7  bad  been  eaiapieteJ.  Ulttaately  a  sbcwi  of  tomr 
vnghin^  were  auot—ifiiTly  niapttted,  from  wineb  a  — *-'i*'^f 
diHioa  ea&  be  amved  aL 

May  23 3-2710 

Jane    4    ..       ....      ..      ..      ^     3-2617 

JoM    7    ..       _      3*8797 

Jam  IS  ..  S-S652 

Jane  18 ..  S-27&0  ) 

JatM25 ..  3-2748  {3-271fi 

July    2 8-3741  ) 

Tb«  nanlta  here  feeixded  are  derived  froa  the  oampariaoa 
the  wei«htagt  of  the  globe  "  fall "  with  the  smm  of  the  preeedii^ 
and  fullowiiig  wesgbiags  "eanpty,"  and  tb«y  are  oorracted  fur  the 
cnora  ct  tho  wei^ta  and  for  the  ■hrinlraga  of  tho  gM>»  when 
BiliaiMhid.  «fl  explaiited  in  foriaer  papers.  In  the  last  aeriea,  the 
eipe»ia>ept  of  Jooa  13  ^to  a  remit  already  kaown  to  be  too  lov. 
The  fpu  was  aooo«diogly  sparked  for  foarteen  boon  more.  Between 
tb«  weiithiBga  of  Jane  18  and  Jane  25  then  was  nine  boors'  ^lark- 
isg,  aou  betwosB  tbote  of  Jane  2o  and  Joly  2  aboat  ei^it  hoars' 
■parking.  The  DO»a  of  the  \umX  throe,  riz.  3-2716,  is  taken  ae  the 
definitive  reaalt,  and  it  u  immediatelj  oomparaMo  with  2*6276,  the 
veighl  ttaSor  aiaiUr  circanutanoee  of  oxygeo-f  If  w«  take  O,  =  16, 
wnahtain  fbr  oraoa 

19 -WO, 

in  rcvy  eloae  agrMuent  with  Profeaaor  Bamsay's  reealL 

The  eoBelanon  fWmi  the  speetroacoiiic  erideocw  that  the  gaaea 

ir4tl»ii  from   the   atOMWpbere  by  magnenum  and   by  oxygen  are 

MMrtklly  the  aame  is  tbos  confirmeil. 

Tbe  ivfraotirity  of  argon  was  next  inveatigatod,  in  the  hope  that 

it  migbt  throw  auma  light  npun  the  eharacler  of  the  gaa.    For  this 

*  -Imi,  29. Wbeu  Um  urgaa  Lb  aentlj  pan>.  the  «re  discharge  (no  jar  conneeted) 

)  pecwUar  |«tr|)lidi  <*><""'     "''-•  'listinct  ftnin  ih«  grevniaii  hue  apparent 
J  uxidatiow  of  allmc  r'  igreaa  aad  Crona  Ihv  tkj  blue  ooaerrcd 

_j i««idoe  eoaaiato  m*i<i  .  --to. 

Bar  Soe.  Vtv*.  vuL  U,  p.  l«,  laja. 
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purpose  absolnte  measorements  were  not  required.  It  sufficed  to 
compare  the  pressiires  necessary  in  two  columns  of  air  and  argon  of 
equal  lengths,  in  order  to  balance  the  retardaticms  nndergone  by 
light  in  traversiDg  them. 

The  arrangement  was  a  modification  of  one  inrestigated  by 
Frannhofer,  depending  npon  the  interference  of  light  transmitted 
through  two  parallel  vertical  slits  placed  in  front  of  the  object- 
glass  of  a  telescope.  If  there  be  only  one  slit,  and  if  the  original 
source,  either  a  distant  point  or  a  vertical  line  of  light,  be  in  focns, 
the  field  is  of  a  certain  width,  due  to  "  dif&action,"  and  inversely 
as  the  width  of  the  slit.  If  there  be  two  equal  parallel  slits  whose 
distance  apart  is  a  considerable  multiple  of  the  width  of  either,  the 
field  is  traversed  by  bands  of  width  inversely  as  the  distance  between 
the  slits.  If  from  any  canse  one  of  the  portions  of  light  be  retarded 
relatively  to  the  other,  the  bands  are  displaced  in  the  nsnal  manner, 
and  can  be  bronght  back  to  the  original  position  only  by  abolishing 
the  relative  retardation. 

When  the  object  is  merely  to  see  the  interference  bands  in  full 
perfection,  the  nse  of  a  telescope  is  not  required.  The  function  of 
the  telescope  is  really  to  magnify  the  slit  system,*  and  this  is  neces- 
sary when,  as  here,  it  is  desired  to  operate  separately  npon  the  two 
portions  of  light.  The  apparatus  is,  however,  extremely  simple,  the 
principal  objection  to  it  being  the  high  magnifying  power  required, 
leading  under  ordinary  arrangements  to  a  great  attenuation  of  light. 
I  have  found  that  this  objection  may  be  almost  entirely  overcome  by 
the  substitution  of  cylindrical  lenses,  magnifying  in  the  horizontal 
direction  only,  for  the  spherical  lenses  of  ordinary  eye-pieces.  For 
many  purposes  a  single  lens  suffices,  but  it  must  be  of  high  power. 
In  the  measurements  about  to  be  described  most  of  the  magnifying 
was  done  by  a  lens  of  home  manufacture.  It  consisted  simply  of  a 
round  rod,  about  ^  inch  (4  mm.)  in  diameter,  cut  by  Mr.  Gordon  from 
a  piece  of  plate  glass.^  This  could  be  used  alone ;  but  as  at  first  it 
was  thought  necessary  to  have  a  web,  serving  as  a  fixed  mark  to 
which  the  bands  could  be  referred,  the  rod  was  treated  as  the  object- 
glass  of  a  compound  cylindrical  microscope,  the  eye-piece  being  a 
commercial  cylindrical  L-ns  of  1^  inch  (31  mm.)  focus.  Both  lenses 
were  mounted  on  adjustable  stands,  so  that  the  cylindrical  axes  could 
be  made  accurately  vertical,  or,  rather,  accurately  parallel  to  the 
length  of  the  original  slit  The  light  from  an  ordinary  paraffin  lamp 
now  sufficed,  although  the  magnification  was  such  as  to  allow  the 
error  of  setting  to  be  less  than  1/20  of  a  band  interval.  It  is  to 
be  remembered  that  with  this  arrangement  the  various  parts  of 
the  length  of  a  band  correspond,  not  to  the  various  parts  of  the 
original  slit,  but  rather  to  the  various  parts  of  the  object-glass.    This 

•  Brii  Assoc.  Report,  1893,  p.  703. 

t  Preliminary  experiments  liad  been  made  with  ordinary  glass  cone  and  with 
tubes  cliarged  with  water. 
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((X.  =  1)  of  the  gases.  The  process  may  be  Kpeated  backwards  and 
forwards  any  nnmber  of  times,  so  as  to  eliminate  in  great  degree 
err  ors  of  the  settings  and  of  the  pressure  readings. 

Daring  these  observations  a  curions  effect  was  noticed,  made 
possible  by  the  independent  action  of  the  parts  of  the  object-glass 
situated  at  various  levels,  as  already  referred  to.  When  tiie  bands 
were  stationary,  they  appeared  straight,  or  nearly  so,  but  when  in 
motion,  owing  to  changes  of  pressure,  they  became  curved,  even  in 
passing  the  fiducial  position,  and  always  in  such  a  manner  that  the 


i^ 
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ends  led.  The  explanation  is  readily  seen  to  depend  upon  the 
temporary  changes  of  temperature  which  accompany  compression  or 
rar^action.  The  fuU  effect  of  a  compression,  for  example,  would  not 
be  attained  until  the  gas  had  cooled  back  to  its  normal  temperature, 
and  this  recovery  of  temperature  would  occur  more  quickly  at  the 
top  and  bottom,  where  the  gas  is  in  proximity  to  the  metal,  than  in  the 
central  part  of  the  tube. 

The  success- of  the  measures  evidently  requires  that  there  should 
be  no  apparent  movement  of  the  bands  apart  from  real  retardations 
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More  about  Argon. 


in  tb«  tubes.  As  the  apporotas  was  at  first  arranged,  this  condition 
«M  inanfficiently  Batisfiod.  Although  all  the  ports  were  carried  npon 
ill*  walls  of  the  room,  froqnent  and  somewhat  sndden  diB]>lacoriibnt3 
of  tbe  bftods  rtjiatively  to  the  web  were  eoen  to  occur,  probahly  in 
emMBqaence  of  the  use  of  wood  in  somo  of  the  supports.  The  obser- 
Tatous  could  easily  be  arranged  in  such  a  manner  that  no  systematio 
error  ooold  thence  enter,  but  the  agrcomcjit  of  individual  measures 
was  iniptiircd.  Sntisc-qnently  a  remedy  was  found  iu  tho  uro  of  a 
nco&d  ajstem  of  bands,  formed  by  light  which  passed  just  above  tho 
tabaSi  to  which,  instead  of  tu  the  web,  tho  movable  bands  were  referred. 
Tb«  ooincidence  of  the  two  systems  could  bo  observed  witli  accuracy, 
and  was  fuiuid  to  bo  maintained  iu  spite  of  movements  of  both  rela- 
tircly  to  the  web. 

Iu  the  comparisons  of  argon  and  air  (with  nearly  the  same  ro- 
^m  ftaekiTities)  the  changes  of  pressure  employed  were  about  8  inches 
^M  (SO  em.),  being  deductions  from  tho  atmospheric  pressure.  In  ono 
^V  oiMsmtion  of  July  26,  the  nombere,  representing  suctions  in  inches 
B^^ineroiuy,  stood 

^^^^^  Argon.  Air. 

^^K  8-64  99-6 

^^^K  0-01 

W     tigtdfri 


8-68  819 

Ratio  =  0-961, 


•igtii^ag  that  8*53  inches  of  argon  balanced  8' 19  inches  of  dry 
air.  Four  sets,  daring  which  tho  air  and  argon  (from  the  globe  as 
Isst  filled  for  weighing)  were  changed,  taken  on  July  17,  18,  19,  26, 
feTa  Mspectivcly  for  the  final  ratio  0-962,O-961,O-'JIj1, 0-960, or  as 


i 


B«fractivity  of  argon 
Be&activity  of  air 


=  0-961. 


The  CTidence  from  the  refractivities,  as  well  as  from  tho  weights, 
very  un&voorable  to  the  view  that  argon  is  an  allotropic  form  of 
fthrMsa  mch  as  would  be  denoted  by  N,. 

1^  aboTe  measurements,  baring  been  made  with  lamp  light,  refer 
to  the  mo»t  luminous  region  of  tho  spectrum,  say  in  tho  neighbour- 
hood of  D.  But  since  no  change  in  tho  appearance  of  tho  bauds  at 
tike  two  nettings  could  bo  detected,  the  inference  is  that  the  liis- 
JMnkios  of  the  two  gases  are  approximately  the  same,  so  that  the 
•bof«  ratio  would  not  be  much  changed,  even  if  another  part  of  the 
■poctrwD  wero  chosen.  It  may  bo  remarked  that  tho  displacement 
actoaliy  oompenoated  in  the  above  experiments  amounted  to  about  forty 
lauMli^  each  bond  corresponding  tu  about  |  inch  (5  mm.)  pressure  of 

C0Bi{iari8on8  have  beou   made   between  air  and  helium, 
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The  latter  gas,  prepared  by  ProfesBor  BamBaj,  was  brought  from 
London  by  Mr.  W.  Bandall,  who  further  gave  valaable  assistance  in 
the  manipnlations.  It  appeared  at  once  that  the  refractivity  of 
helium  was  remarkably  low,  13  inches  pressure  of  the  gas  being 
balanced  by  less  than  2  inches  pressure  of  air.  The  ratios  given  by 
single  comparisons  on  July  29  were  0*147,  0*146,  0' 145,  0*146, 
mean  0*146;  and  on  July  30,  0*147,  0*147,  0*145,  0- 145,  mean 
0*146.  The  observations  were  not  made  under  ideal  conditions,  on 
account  of  the  smallness  of  the  changes  of  air  pressure  ;  but  we  may 
conclude  that  with  considerable  approximation 

Befraotivity  of  helium      „  ,^» 

*r-5 — Ti—n > — : =  0  *  146. 

fie&actiTity  of  air 

The  lowest  re&activity  previously  known  is  that  of  hydrogen, 
nearly  0  *  6  of  that  of  air. 

The  viscosity  was  investigated  by  the  method  of  passage  through 
capillary  tubes.  The  approximate  formula  has  been  investigated  by 
O.  Meyer,*  on  the  basis  of  Stokes'  theory  for  incompressible  fluids. 
If  the  driving  pressure  (pj  —  p^)  is  not  too  great,  the  volume  V, 
delivered  in  time  t  through  a  tube  of  radius  B  and  length  X  is  given 
by 

the  volume  being  measured  at  the  lower  pressure  p^  and  17  denoting 
the  viscosity  of  the  gas.  In  the  comparison  of  different  gases  Yj,  |7j, 
P2,  B,  X  may  be  the  same,  and  then  t)  is  proportional  to  t. 

In  the  apparatus  employed  two  gas  pipettes  and  manometers, 
somewhat  similar  to  those  shown  in  Fig.  2,  were  connected  by  a 
capillary  tube  of  very  small  bore  and  about  1  metre  long.  The 
volume  Vj  was  about  100  c.c.  and  was  caused  to  pass  by  a  pressure 
of  a  few  centimetres  of  mercury,  maintained  as  uniform  as  possible 
by  means  of  the  pipettes.  There  was  a  difficulty,  almost  inherent  in 
the  use  of  mercury,  in  securing  the  right  pressures  during  the  first 
few  seconds  of  an  experiment ;  but  this  was  not  of  much  importance 
as  the  whole  time  t  amounted  to  several  minutes.  The  apparatus  was 
tested  upon  hydrogen,  and  was  found  to  give  the  received  numbers 
with  sufficient  accuracy.  The  results,  referred  to  dry  air,  were  for 
helium  0*96;  and  for  argon  1*21,  somewhat  higher  than  for 
oxygen  which  at  present  stands  at  the  head  of  the  list  of  the  principal 


In  the  original  memoir  upon  argon  j  results  were  given  of 
weighings  of  the  residue  from  the  Bath  gas  after  removal  of  oxygen, 
carbonic  anhydride,  and  moisture,  from  which  it  appeared  that  the 

•  Pogg.  Ann.  vol.  127,  p.  270,  1866. 

t  Bayleigh  and  Bamsay,  Phil.  Trang.  A,  vol.  186,  p.  227. 1895. 
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|tafoHio<i  of  «rgon  \nm  only  onc-Lalf  of  that  contiuoed  in  the 
NBdoB,  after  siiuilor  triiAtmont  from  tho  atinoR])licrG.  Aftor  tbo 
ikwotery  of  helium  hj  rrofoB^or  HamB:»y,  tbe  question  presented 
itnlf  BA  to  whether  this  conclusioD  might  nut  be  disturbed  by  the 
pmenoe  in  the  Bath  gas  of  holiara,  whoso  liglitnoss  would  tend  to 
OOmpeOttte  the  extra  density  of  oi-gon. 

An  examination  of  the  gus  which  had  stood  in  my  laboratorj  more 
than  a  year  having  shown  that  it  still  contained  no  oxygen,  it  waa 
thuaght  worth  while  to  remove  tho  nitrogen  so  as  to  determine  the 
pto|>ortiou  that  would  refnse  oxidation.  For  this  purpose  2U0  c.o. 
wtm  worked  np  with  the  oxygen  until  the  volume,  free  from  nitrogen, 
wu  redaced  to  8  c.c.  On  treatment  with  pjrogallul  and  alkali  the 
naida«  maaanrcd  3*3  c.c.  rcprcBcnting  argon,  and  hcliiuu,  if  2)restint. 
Ob  >pArkiog  the  rtsidae  at  atmospheric  prcsRurc  and  examining  the 
■yectriun,  it  was  seen  to  be  mainly  that  of  argon,  but  with  an  un- 
auatokable  exhibition  of  D,.  At  atmospheric  pressure  this  lino 
aiipcTB  very  dilfuse  in  a  epectroscopo  of  rather  high  power,  but  the 
fuioo  irofi  correct. 

Ytam  another  sample  of  residue  from  the  Bath  gas,  vocunm  tubes 
wan  dtnrp-H  hj  my  fion,  Mr.  G.  J.  Strutt,  aud  some  of  them  showed 
D,  thar  1  aud  ])rocistly  coincident  with  the  lino  of  helium 

ia  a  rue  •   prcpartul  by  Professor  Ramsay. 

AUhiiugh  the  presence  of  helium  in  the  Bath  gas  is  not  doubtful, 
the  iinantity  seems  iuBufScicnt  to  explain  the  low  density  found  in 
Octobor  1894.  In  order  to  reconcile  that  density  with  the  proportion 
nf  raidne  (3-3/200  =  O'OIG)  found  in  tho  experiment  just  described, 
it  would  be  neoeaaary  to  suppose  that  the  helium  amounted  to  25  per 
etnt.  of  tho  whole  residue  of  argon  and  helium.  Experiment,  how- 
«T8r,  pnyred  that  a  mixture  of  argon  and  helium  containing  10  per 
cant,  of  the  latter  gas  showed  D^  more  plainly  than  did  the  Bath 
midiKi.  It  is  jnst  possible  that  somo  of  the  helium  was  lost  by 
diflndoD  during  tho  long  interval  between  the  experiments  whoso 
mnlta  are  combined  in  tho  above  estimate. 

Gaa  from  the  Buxton  springs,  kindly  collected  for  mo  by 
Mr.  A.  McDongull,  was  found  to  contain  no  appreciable  oxygon. 
Hi*  argoa  amounted  to  about  2  per  cent,  of  the  volume.  When  its 
tfttttum  WB0  examiue<l,  tho  presence  of  D,  was  sus^xMstod,  but  tho 
•MwanUMW  was  too  feeble  to  allow  of  a  definite  statement  being  made. 
Tm  proportion  of  helium  is  in  any  case  vei-y  much  lower  thou  in  the 
Bath  gu. 

Ia  helium  contained  in  the  atmosphere?  Apart  from  its 
iadMoodont  interest,  this  question  is  important  in  connection  with 
the  aensitr  '^f  atmospheric  argon.  Since  the  spectrum  of  this  gas 
doeao<^'t  o  line  D,,  wo  may  probably  conclude  that  the  pro- 

portion  •  11  ia  loss  than  3  per  cent. ;  bo  that  there  would  be  loss 

tiiaa  8  X  10  *  of  helium  in  the  atmosphere.  Tho  exi>eriment  about 
to  bo  doscribod  was  an  attempt  to  carry  the  matter  further,  and  is 
founded  apou  the  observation  by  Professor  Ramsay,  that  tho  sola- 
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Lmimif  mad  Madern  Pigmoto^. 

Tn  deaXh  of  u>j  Haeorwat  of  my  one  wko  ku  •Uod  hiedy  to 
4e  nn  of  Iramui  knovledge,  •fbria  s  itmaoa  tor  iaqviriBg  vh^t 
Ui  work  wa  sod  bow  he  aeoonpliabed  tl.  Tlua  inqniiy  hm  ialenat 
iva  i^en  tlw  woik  faas  been  eaaipkfad  in  •  fi»ir  yeus  and  kM  been 
Uaoted  to  a  OBgle  line  of  ioTeetagatioB — aoeh  aoce  wben  tbe  life 
Im  bMB  MMdated  witfa  the  ongta  end  defvakfanat  of  •  omr  acienoa 
■ad  bee  extended  orer  balf  •  oeataiy. 

Tim  Sdenoe  of  Fttynologj  as  we  koov  it  came  into  riFalimiu 
U^  jean  ago  vith  tbe  beginsiog  of  the  actire  life  of  Lndwig,  in 
fbe  aaoM  aenae  tbet  the  other  great  brandi  of  Biolecy,  tfc«  Saemem 
at  Idviag  Bfingi,  aa  we  now  know  it,  came  into  eairtmre  with  the 
maaiaaee  of  tte  *  Origin  of  Speeiea.'  In  the  ovder  of  tiae 
nfBologj  bad  tbe  advantage,  for  the  new  Fkjaidlogy  waa  aeeepled 
aoBM  tea  yean  befoie  the  Darwinian  tipoA.  Kotwithataa£ag^  tte 
eaatasft  of  tbe  Science  is  rcJatiTely  ao  anftuailiar,  that  befiDea  entertMr 
«a  tka  dtacoavcn  of  tbe  life  and  work  of  the  nan  wkoi,  aa  I  §^2 
iailcaumi  to  ahow,  had  a  larger  share  in  founding  it  than  any  of  kia 
eoaleaapocariaa.  it  ia  neeeasary  to  define  ita  llmita  and  its  relatioaa 
tootkar  hranohea  of  knowledge. 

Tbe  word  Pfayaiology  haa  in  modem  timea  changed  ita  meaning. 
It  ottM  eoBtpcdiended  the  whole  knowledge  of  Nature.  How  it  ia 
Iba  aaaoa  for  one  of  the  two  Dirisiona  of  tbe  Scienoe  of  Life.  In 
tlw  uiogiBaa  of  iniialigplini  tbe  atady  id  that  Seienoe  baa  inevitably 
dtnoed  itaelf  into  two:  OmUk^*  the  Soeaee  of  Living  Beinga; 


Ftmntdtn,  Ike  Soianee  of  Living  Ftrooeaaea,  and  thna,  i 

Um  coftWrtff  in  proeeawa,  of  Life  itseUl    B<^  atrive  to 

the  eoi^liealed  relations  •nd  endleea  vnrietiee  wkiob  pieaent  them- 

advca  in  living  Nature,  bat  Ly  diflereat  metbodai    Bolb  rdet  to 

laacinl  pfinoipJea,  bat  they  are  of  a  different  natare. 

To   tbe   Omtologkt,  tho    atadent  of   Living  Beinga,  Flanta  or 

*  I  da  net  l<af«*t  tlMl  Ibb  void  U  aedtBanly  oaed  ia  anolhar  mam,   lu 
\  ^JiiH'^y  ^  my  caenK  fcv  emfilnytng  it 


I  lO    u 

I      •Idei 
■  MlMbOitri 
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Aaimals^  die  ^rbc  iSi»  of  Evolntion,  namely,  iiiat  tram  the  simplest 
bwigrnHJiu;  oar  own  onpuiism.  wbh.  its  inrtnite  eomplication  of  parts 
aod  ponurs,  ui>  !»)»  duui  chat  of  dv«zy  animal  ami  plant,  unfold^  the 
plaa  of  :ts  t>xi&tt»nv« — aikaa  with  lina  ubserfatioii  that  that  small 
bwgtuniiu;  'ta^t  in  aU  c<s.-vptxii^  die  lutvest  Ibnns,  itself  dexired  from 
t«R>  nftRQCk  t:K{ti]uly  d:<>m  aiuii — is  the  bans  &um  which  his  study 
ami  !UowlMt;u  of  die  world  of  Hying  beings  takes  its  departure. 
For  on  Evuliuiun  .And  £>efict:nfi  the  explorer  of  the  forms,  distribation 
and  bi:tbi»  of  animals  and  plants  has^  ance  die  Darwinian  epoch, 
relied  wdi  an  <)Tt>i>invt«aiRntr  certaintr,  and  has  fooxui  in  them  the 
esplaoadoa  of  ovvrv  phenumeaon,  die  solution  of  every  problem 
telikCui^  to  die  jttbjvvt  of  his  imiuiry.  Xor  conid  he  wish  for  a  more 
secure  bat»s.  Wliatever  iuablK  or  miagiTings  exmt  in  the  minds  of 
**  non-btuloicscs''  in  celaeiott  Do  it.  may  be  attributed  partly  to  the 
aasoviatiun  with  die  ductrine  of  Evolution  of  questions  wUch  the 
true  naturalist  tegtuds  as  oanseendenbal ;  partly  to  the  perrersion  or 
veakeniug  of  meaning  which  the  term  has  sni&red  in  consequence  of 
ite  incrviiuvtion  into  the  language  of  common  life,  and  particalarly 
to  the  habit  of  applying  it  to  any  kind  of  progress  or  improTement, 
anything  which  from  small  beginnings  gradmaUg  increases.  Bat, 
provided  we  limit  the  term  to  ite  original  sense— the  Evolation  of 
a  living  being  th-m  itt  germ  by  a  cvnitnaoa*  not  a  gtadnal  process, 
there  is  no  wnception  which  is  mote  free  from  doubt  eith^  as  to 
its  meaning  or  reality.  It  is  inseparable  ham.  that  of  Life  itself^ 
vhieh  is  but  the  »mfiddut»j  of  a  predestined  harmony,  of  a  prearranged 
conseni^us  and  synergy  of  parts. 

The  other  branch  of  Biology,  that  with  which  Lodwig's  name 
is  associated,  deals  with  the  same  &cts  in  a  di&rent  way.  While 
Ontology  regards  animals  and  plants  as  individuals  and  in  relation 
to  other  individuals,  Fhjsiology  considers  the  processes  themselves 
of  which  life  is  a  complex.  This  is  the  most  obvious  distinction, 
but  it  is  subordinate  to  the  fundamental  one,  namely,  that  while 
Ontology  has  fi>r  its  basis  laws  which  are  in  force  only  in  its  own 
province,  those  of  Evolution,  Descent,  and  Adaptation,  we  Physio- 
logists, while  accepting  these  as  true,  fouud  nothing  upon  them, 
using  them  only  as  guides  to  discovery,  not  for  the  purpose  of 
explanation.  PurposiTe  Adaptation,  for  example,  serves  as  a  clue, 
by  which  we  are  constantly  guided  in  our  exploration  of  the  tangled 
labyrinth  of  vital  processes.  But  when  it  becomes  our  business  to 
explain  these  processes — to  say  how  they  are  brought  about — we 
refer  them  not  to  biological  principles  of  any  kind,  but  to  the 
Universal  Laws  of  Nature.  Hence  it  happens  that  with  reference 
to  each  of  these  processes,  our  inquiry  is  rather  how  it  occurs  than 
why  it  occurs. 

It  has  been  well  said  that  the  Natural  Sciences  are  the  children 
of  necessity.  Just  as  the  other  Natural  Sciences  owed  their  origin 
to  the  necessity  of  acquiring  that  control  over  the  forces  of  Nature 
without  which  life  would  scarcely  be  worth  living,  so  Physiology 
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OQt  of  htiinan  Enfforing  and  tbo  necessity  of  roIieTing  it.  It 
ipng  indeed  out  of  Patbologj.  It  was  Biifforing  tliat  led  ns  to 
bow,  M  regards  our  own  bodies,  tbat  we  had  intcnml  ns  well  as 
cdonal  organs ;  Kud  probably  one  of  tlio  first  generalisations 
wkkk  uttce  onk  of  this  knowledge  was,  tbat  "  if  one  member  siifl'er 
•U  tbft  BMinbeca  suffer  witb  it " — tbat  all  work  together  for  tbo  good 
of  tkft  wbole.  In  earlier  times  tbo  good  which  was  thus  indicated 
WM  Msociated  in  men's  minds  with  human  welfare  exclusively.  Bat 
it  «w  eTiutu.illy  seen  that  Nature  has  no  less  consideration  for  the 
vaMkre  of  iLoBtj  uf  her  products  which  to  us  seem  hideous  or  mis- 
cbiwoos,  lUan  for  tboBO  which  we  regard  as  most  useful  to  man 
or  hmmI  dtjflenring  of  bis  admiration.  It  tbas  became  apparent  tbat 
thfl  good  in  qncetion  could  not  be  hnman  exelosivoly,  but  as  regards 
■Mh  «««i*«Ml  U«  *nen  good — and  that  in  the  orgnuisod  world  the 
rrirtwmn  koA  life  of  every  species  is  brought  into  subordiuatiou  to 
■M  pvrpocA— ito  onrn  success  in  the  struggle  for  existence.* 

rram  what  has  preceded  it  may  be  readily  understood  that  in 
Pbynolo^,  Adaptation  takes  a  more  prominent  part  tliua  £7(dtition 
orDcyocnL     In  tbo  prescicntific  period  adaptation  was  everything. 
Tha  obMTTatioD  that  any  structure  or  arrangement  exhibited  marks  I 
of  •d«{>tet!on  to  a  useful  purpose  was  accepted  not  merely  as  a  gnid^j 
IB  fasMurb,  but  as  a  full  and  final  explanation.     Of  an  organism  oit\ 
orgui  which  perfectly  fulfilled  in  its  structure  and  working  the  end 
of  its  existence,  nothing  further   required    to    be    said    or  known. 
I'hjaologiets  of    tbo  jircseut  day  recoguif^  as  fully  as  their  pre- 
daesnan  tbat  pnrfectiou  of  contrivanoo  which  displays  itself  in  all 
Ifviog  •tmeturo^,  the  more  exquisitely  the  more  minutely  they  aro 
csaniiMxI.     Xo  uuo.  for  example,  bos  written  moro  emphatically  on 
till  iian  did  Ludwig.     In  one  of  his  discourics,  after  showing 

K'  (.'XCdHlfl  the  highest  standard  of  human  attainment — buw 

■lie  tmiuutta  as  it  worn  out  uf  nothing  and  without  tools,  instruments 
tt  %  psrfcciioD  which  the  human  artificer  cannot  reach,  though 
imvidad  with  every  suitable  material  —  wood,  brass,  glass,  india- 
nMisr— he  gives  the  organ  of  eight  as  a  single  example,  referring 
•OMiBg  its  other  perfections  to  the  rapidity  witii  wliich  the  eye  can 
\m  filed  on  numerous  objects  in  snccession,  and  the  instantaneous 
and  nneoQscious  estimates  which  wo  arc  able  to  form  of  the  distances 
ufolijacts,  eftcfa  estimate  involving  a  process  of  arithmetic  which  no 
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tn   tbtu  stAtini;  ti)e  relation  between  lulaplntion   and 

110.  I  may  Bci-m  to  bo  rcvcruinp  the  nnJer  followed  by 

'       •  •:?l»^l<^^l  tlio  rtirvival  of  (iniotiUiii*  wliich  nre  llttest 

1   iif  purls)   wliich  are  Ottcnt  for  llicir  plaiN-  iu  tlio 

iiich  iiilniiteilneKK  \»  bmu^lit  ttlmut.     Howevor  this 

'")  iJoubtP)!  that  HtncsK  in  an  nsMctilial  properly  of 

'■■  tlm  nnly  things  in  Ntitnri!  which  hy  virtue  of 

^  thcinaclvfg  tn  their  snrronnfiinsB.     It 

>   «U  itu  aUributo«)  is  prcaiippotcd,  tliat 

jiii'u  <in  'iini-.iil  iit  intelligible. 


I4  B-n/''mnr  Surriam  iaadarmm  'Jan..  H, 

ttsdenlaansz  -nachiTm  vtiad.  'f&tit  in  Sm  ama.*  In.  waaAee  >^xM*uam 
— sfaar  £  *<n  ac  Ldiazi^  *iien.  oe  -mioc  i  m  ji»  -nn&aBnzania  ia  1SS3, 

an  iriaa  -vi  u:  Loac  -miie  ai  tnitfrrnuut  x.  i«  .cc«  jnmiiLiti  bj-  tfae 
Xfwn<zn.iCj)n.  -^  s^ac  die  iinmna  in'^'siair  is  bnc  a  'nhmi^sss  ^BLpaicd 
Tiai  :be  mkno^va  "W^ggi^^'  it  die  m.Tnitr  s^&cdo.''  ^ 

.*i>me  n!»iiRt»  ^ill  ptxnam  rsnember  iiuiv  -me  <if  t^  BMst 
Brf.Iiairc  if  ooiliimniiii^  •yrrmr^.  in.  a  EautinEK  ai  t&i*  Beittik 
AdHflecaaiia  'teLrTi^riit  ;&  {OBC^r  if  x  Knctr?'  «£n.  xvs=wi  oa  the 
•maiicxj  of  A  feac  Pb7<Bau}!piC  siac  die  ^yM.  ^esBcoeii  mt  an.  e^taod 
auamnKnc  '▼as  «>  inikcur  ■%  pmonircua  sane  if  ts  inae  &■»  wwk  of 
&  tmynan  eian.  is  iroolii  be  :nta».:.W^i'.*  Wit&mit  cnsunBKg  cr 
cad«»«tiiirias  e>  itxpliain  shis  pACkiux,  I  maj-  r^frr  fa>  it  as  kkviiig 
fpma.  ^yt  eivtaxesmiuat  <y£  *  •hsEmpn^ual  aame  to  &  nuscomeaytion 
vkieb.  I  kaocr  exJis  in.  use  tnimb  of  many  peninc.  to  s&e  ^bd  Aat 
lEe  ■eiensiiie  F&TsoIuestt  as  mors  or  Lesi  blinii  to  the  cnieaee  of 
desisK  m  eraUzon.  On  site  eajrairj.  Ae  Ttew^  aakoL  by  Lodw^  ■■ 
exprii9K<i  ia  tlie  voris  I  have  >^ia>Ge<i,  »  diaS  of  aQ  FkTSokipite. 
Tb«  dijoae  of  tee  tcI<!oI>:eicaI  exptesBiJiu  vfiiek  w«ze  forauily 
carren.:  iw*  ni:t  iapir  tlus  the  fniift-tiniiit  of  eootriisnce  are  lea 
appKcuteii,  C  jT^  oa  the  eaatrmrr.  ws  Rgszd  them  as  more  diaiaeter- 
iatic  cii  organi^rn  as  it  ^esenfis  itaJf  fa)  our  ofaecnatzoa  kfaan  aoj 
other  fA  its  esaiowmeata.  Bat.  if  I  maj  be  permitted  to  repeat  wfai^ 
bas  been  alr«*ij  said,  we  use  she  eTi>ieaces  of  adapcatioB  dulcRntlj. 
We  fonad  ito  ex^aoakfoa  on  this  or  anj  other  bcokxgrcal  prineip]^ 
bat  refer  all  the  pbenoaiena  br  which  these  mani&st  themaelTea,  to 
the  ftimpler  and  mote  entatn  Phjsical  Laws  of  the  Unireiae. 

Whj  most  we  take  this  position  t  Fiist.  heeaase  it  is  a  general 
mie  in  tnrestigatioins  al  all  kinds,  to  i^lani  the  moxe  oomplex  hj  the 
more  simple.  The  material  UniTctae  is  manifestly  divided  into  two 
parts,  the  liring  and  the  noo-liTing.  We  maj,  if  we  like,  take  the 
liriDg  as  our  Norma,  and  saj  to  the  Physicists,  joa  must  come  to  as 
for  Laws,  70a  most  accomit  for  the  play  of  energies  in  imiTorEal 
nature  by  referring  them  to  Erolntion,  D«cent,  Adaptation.  Or  we 
may  take  these  words  as  tme  expressions  of  the  motoal  rdations 
between  the  phenomena  and  processes  pecoliar  to  living  beings, 
using  for  the  explanation  of  the  processes  themselves  the  same 
methrjds  which  we  should  employ  if  we  were  engaged  in  the  investi- 
gation of  analogons  processes  going  on  independently  of  life.  Between 
thoM)  two  conrscs  there  seems  to  me  to  be  no  third  altematiTe,  onless  we 

*  I  N'linraitriae  here  from  a  very  interesting  lecture  entitled  "Leid  und 
Frmi'lo  ill  <ler  Naturfonchung  "  publiafaed  in  the  '  Gartenlaube '  (Nob.  22  and 
23;  in  lh70. 

f  'I  hi)  HTiilntico,  of  which  the  words  in  inverted  commas  form  a  part,  is  as 
followii:  "  W«!iin  iinH  fti<1iioh  die  Palme  gereicht  wird.  wenn  wir  ein  Organ  in 
wiliM'tn  /iiznniinunliang  begreifen,  so  wird  nnser  stolzes  Gattongsbewusstsein 
durt^h  (lio  KrkmintiiiMi  nicdcrgcxlruckt,  daas  der  menschliclier  Erflnder  ein 
HtUmiwr  gcgon  don  unbckauntvn  Hcistor  dor  tliierischcn  Schopfung  aei." 
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ihai  there  are  two  material  Unireraes,  one  to  which  the 
iiwtifi>l  of  our  budiea  belongs,  the  utber  coraprising  everything  that 
is  oat  either  plant  or  animal. 

The  MMxmd  reMOQ  16  a  practical  one.  We  she  old  have  to  go  hack 
to  tbe  time  wbieli  I  have  reDtnred  to  call  prtsciontilic,  when  the 
wdd  of  life  and  organisation  was  snppused  to  be  governed  ez- 
daavelj  by  ita  own  Laws.  The  work  of  the  {wst  fifty  years  has  been 
4oM  OH  the  oppoeite  priucijile,  and  has  brought  light  and  clearness 
where  Uiere  was  before  obscarity  and  confusion.  All  this  progress 
we  shnald  hare  to  repadiatc,  but  this  wonld  not  be  all.  We  shoald 
liave  to  forego  the  prospect  of  fntare  adfunce.  Whereas  by  holdilig 
OB  oar  pmaont  eoniae,  gradnally  proceeding  from  the  more  simple  to 
(ke  note  ocMnpIex,  from  tbe  physical  to  the  vital,  we  may  confidently 
look  forward  to  extending  oar  knowledge  considerably  beyond  its 
pvearal  limits. 

A  no  Ices  brilliant  writer  than  the  one  already  referred  to,  who  is 
also  DO  longer  with  as,  asserted  that  mind  was  a  secretion  of  the  brain 
ta  tlvo  same  sense  that  bile  is  a  secretion  of  the  liver,  or  nrine  that  of 
Ike  kidney;  and  maoy  people  have  imagined  this  to  be  the  necessary 
ooleome  of  a  too  mechanical  way  of  looking  at  vital  pbenumena,  and 
tbal  Physiologists,  by  a  habit  of  adhering  strictly  to  their  o^-n 
method,  have  failed  to  see  that  the  orgtuiism  presents  problems  to 
wkieb  this  method  is  not  applicable,  snob  e.g.  as  the  origin  of  the 
ftyJT*"  itself,  or  the  on'gm  and  development  in  it  of  the  mental 
hetlXj.  The  answer  to  this  snggestion  is  that  these  qaestions  are 
■BpnMchod  by  Physiologists  only  in  so  far  as  they  are  approachable. 
We  are  well  aware  that  oar  bneiness  is  with  the  unknown  knowable, 
not  with  the  transcendental. 

Daring  the  last  twenty  years  there  has  been  a  considerable 
iijrwBjii  movement  in  Physiology  in  the  psychological  direction, 
I«rtljr  dependent  un  discoveries  as  to  the  localisation  of  tlie  higher 
fsiketioas  of  the  nervous  system,  partly  on  the  application  of  methods 
tif  mnsimniiiiiiiil  to  tbo  concomitant  phenomena  of  psychical  processes. 
And  tbsM  nssATchcs  have  brought  us  to  the  very  edge  of  a  region 
which  cannot  bo  explored  by  our  methods — nhero  measurements  of 
ttOMt  or  of  space  are  no  longer  possible.  In  approaching  this  limit, 
tho  Pbvtiologist  is  liable  to  fall  into  two  mistakes — on  the  one  hand 
that  of  {jassiiig  into  the  transcendental  without  knowing  it ;  on  the 
otlier,  that  of  ossnining  that  what  he  does  not  know  is  not  knowledge. 

Tf-  ■'  r  <if  tbeso  ri>4k8  8<<e(ii»  to  me  of  little  moment :  first,  because 

U  f  natural  knowledge  in  the  psychological  direction  have 

btvK  wiji  iii  fiufd  by  the  best  writers,  as  e.g.  by  du  Bois-Reymond  in 
kis  vsll-knowu  essay  "On  the  Limits  of  Natural  Knowledge,"  *  bat 
chitJr  becunae  tbe  investigator  who  knows  what  he  is  about  is 
UTMed  in  Umine  by  the  impussibility  of  applying  the  experimental 


*  •  OM«r  die  Graiaen  dai  Katurerkenncng.'    Beden,  I-eipxiR,  1S8& 
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it^  n^iBB  kit 

3r'>aS7zuM-.n   .t  TEH   iciu^.crT-  isill  -r't-:7iiit   n:  -iat  £imifv^  jtiv  ^ 

r'x.-^isii/    .r  i^  :ia:i~;    ?<a3:.    .^n-^^w;     Jjik:!  .    iu^w^    ^    IS4$  fc* 

•ssBUf^fi.  7i  Zir*!:'^   u»  airsau  ^'^.r-r'sur  mil  'Ztx^mwr 

•e  "war  {rx  jr^rs  "a.>~  ip.mij'ar'i.  'ii   Tj^Qj^.  ^  s  i^bbct 

«i7   z^IaaB*t    TT   Tr.    ^criiLp*     la.   Irr5.   idisr  ivsosr  v^os   of 

;ni»c:.ral   €X3eE:feii:':^-  ~'^zr  s^z^  3.   -iis;  ^c^^u   if  Ihit    sai.  as  it 

On  >":«■-"■  -yc  2TiTS!iUi--7  k£  LrTTr^  His  ^rnastiB.  s.»  link  gnat 
UaiTiorssT  ■»»•  '57  aff  sc  3b:ss  aia^-j^Kir  jenrrauifr  ii  ias  1-fr^  Sar 

uf^fj'aaei.  Qtaa  oe  stt  hiastlf  m  -rrsac  -t^as  'vic  cea.  *g«»«'«i«|  to 
tfiii:  pp.crws  cf  lie  Scienix — a  z^ea;  •Jbscrras-rT.  smzAd  ib4  a*  a 
Jfrm-nm  ^sS  SL1C2  zifir?  lixa  s  f  ajsial  «£«!  cJiieaiSal  LaibccatoKj, 
pf«>Ti<i>:d  via.  all  toas  '««»  O0aie>i  f:r  uce  applieuioa  of  exact 
ouetLols  of  researca  to  the  laTes&rasioii  ci  tbe  pnmesnc  of  Lif& 
TL<:  i-i»  which  ke  haJ  eT^c  ia  riie-r.  a::d  viiicii  te  carried  into  effect 
dnncg  th«  Uet  tiiiztr  jeaxs  of  his  life  vith  sigcaJ  smeas.  was  to 
unite  h.-s  life-w^-rk  as  an  inTcetifator  vith  the  highest  kind  of  teaeb- 
tng.  Er^n  at  Marhorg  and  at  Zorich  be  had  began  to  fonn  a  Sdtoot; 
flit  already  men  nearly  uf  his  own  age  bad  rallied  loond  him. 
Attract<.-<1  in  the  first  instance  by  his  early  discoTeries.  they  were  held 
by  tho  force  of  his  character,  ami  became  permanently  asEociated  with 
him  iu  his  work  &t>  his  loyal  friends  and  followers — in  the  highest 
tuium  hiH  scholar$.  If,  therefore,  we  speak  of  Lndwig  as  one  of  the 
aTi!nU:i:t  teaehiT»  of  Science  the  world  has  seen,  we  have  in  mind 
hi*  r«;lation  to  the  men  who  ranged  thcmselTes  under  his  leadership 
in  tlift  building  up  of  the  Science  of  Physiology,  withont  reference  to 
liis  (iiiKttiori  lis  an  ordinary  academical  teacher. 

i)i  Hiin  roltttion  wc  can  best  judge  by  the  careful  perusal  of  the 
niitnoroim  biographioal  iiicrnoirB  which  have  appeared  since  his  death. 


•  Hi'<!  *H<i<!iicc  ProgrCiiH,'  vol.  iv.  Nov.  1895. 
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puiioalakrlj  those  of  Professor  His*  (Leipzig);  of  Professoi 
Ktoaaoker  t  (Bern),  who  was  for  many  years  his  coadjutor  in  tbaj 
IttitotB;  of  Profe«Mor  v.  Fick  J  (Wurzbnrg);  of  Professor  v.  Krios  $  i 
^Mtmig)  :    of   Professor    Mosso  ||    (Turin);  of  Professor    FanoT' 
hflonilOP^;    of    Professor     Tigcrsteclt  •  •   (Upsak);    of    Professor 
BtirliDg.tf  in   Euglsnd.     With  the  exception  of  Fick,  whose  rela- 
ticms  ^th  Ladwig  were  of    an  earlier  duto,    aud  of  Lis  colleague 
ia  the  Ch&ir  of  Anatomy,  all  of  these  distinguished  teachers  were 
at  one  time  workers  in  the  Leipzig  Institute.     All  testify  their  love. 
•ad  reneration  for  the  master,  and  each  contributes  some  striking 
tonehea  to  the  picture  of  his  character. 

All  Lodwig's  iovestigutioas  were  carried  out  with  his  scholars. 
Ha  poMCflsed  a  wonderful  faoalty  of  setting  each  man  to  work  at 
a  problem  suited  to  his  talent  and  previous  training,  nnd  this  he 
canried  into  ofiTect  by  associating  him  with  himself  in  some  research 
wlticb  be  had  either  in  progress  or  in  view.  Daring  the  early 
years  of  the  Leipzig  period,  all  the  work  done  under  his  direction 
WW  published  in  the  well-known  volumes  of  the  '  Arbeiten,'  aud 
■obaoqueiitly  in  the  '  Archiv  fiir  Anat.  und  Physiologie'  of  du  Bois- 
BafmoDd.  £ach  "  Arbeit  "  of  the  laboratory  appeared  iu  print  under 
tbaname  of  the  scholar  who  co-operated  with  his  master  in  its  prodnc- 
tioo,  bat  the  scholar's  port  in  the  work  done  varied  according  to  its 
Batnre  and  his  ability.  Sometimes,  as  v.  Krios  says,  he  sat  on  the 
vindow-aill  while  Lndwig,  with  the  efficient  help  of  his  laboratory 


» 


» 


Salvenmoser,  did  the  whole  of  the  work.  In  all  cases 
Lalwig  Dot  only  formulated  the  problem,  but  indicated  the  course 
to  be  followed  in  each  stop  of  the  investigation,  calling  the  worker, 
of  ooimo,  into  coonseL  In  the  final  working  up  of  the  results  ho 
t]»»ji  took  a  principal  part,  and  often  wrote  the  whole  paper.  But 
whether  he  did  little  or  much,  he  handed  over  the  whole  credit  of 
the  pcrfonnance  to  his  coadjutor.  This  method  of  publication  has 
no  doubt  the  disadvantage  that  it  leaves  it  uncertain  what  part  each 
bed  taken:  but  it  is  to  be  remembered  that  this  drawback  is 
■aafoidable  whenever  master  and  scholar  work  together,  and  is 
OVtufvighted  by  the  many  advantages  which  arise  from  this  mode  of 
eo-opontion.     The  instimceB  in  which  any  uncertainty  can  exist  in 
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fta  jjbjmoml  side,  i«  i 
MHoalBd  witli  him  w)m 
dwfriBeipla  dmk  vitel 
^•rOTi  Mti  lAor  jrffM 
■toc^Ib  the  fatsre  of 
FcaliAg  «kroii^f  Iks 


kp   ud    tl»  MBl 

*  fini  denly  i« 


of  life 


wlneh  wcce  tlm  eaxnak,  Agj  wan  eiga 
itwmir*!  and  |ifa;ce*I  wilaHnm  ia  tlM  prauaaes  of  life. 

WiilwilWlaiMliiit   tkat   has  own  naBudiM  kid  in 
tkere  are  naporiaat   faiwlii— 
"■gr"*""  vUd  kava  no  pltTmal  or 
iwatwJ  ettkcr  fron  the  pcioojile  or  fna  the  i 
apaa  it. 

Ahboo^  Lodwig  was  stroaglj  iafloeaoed  by  &•  n{i«d  ptngMW] 
vkicih  vaa  bong  BMide  in  acientifte  diaeo'vay  at  the  tine  thi^  ~ 
taferad  OS  kk  carcer,  ka  derived  tittla  horn 
daaaaaota  ia  hia  ova  aeiwM*!.     He  ia  i 
paifla  of  the  great  eoaapanttiTa  A  nali  ■nwl  aad  TkpJrAn^^tJ.  "Millnr,  j 
Tkit,  boa«ver,  ia  a  auuiifeat  miatike,  for  Laiwig  did  aoi  viBt  Bcxfiaj 
■•til  1847,  wfaea  Moller  «at  nearly  at  the  end  of  hie 
iW  ttaM  be  had  ainady  pnMiahod  tewMRkia  of  tke  hiekcet 
(dwaa  OB  tke  If eckaaim  it  Ae  drealatMNi  aad  on  the  Phj 
ftt  EidamX  **'^  ^^  "^  ^"'^  thelioa  ia  wkiek  ke  iaieadad  lo 
Ut  IllPMligaliiiin      The  eolj  earlier  Phjaiologiat  witfi  lAoae  verki 
ttat  of  Ladwig  eaa  be  aud  ta  be  ia  real  euatiiwiitjr  «aa  E,  H.  W^er,  j 
ahooi  ka  aaoeeeded  at  Ldpaig,  and  strtkiagly  rartmbbd  in  kia  wtcf^ 
at  amkilig.     For   Weber.  Ladwig  aqwaaaul  hia 
aanaervewr  than  for  aaj  other  man  csaeptiag  _ 
ngudiqg  hui  teaearchea  aa  the  fooadattoa  on  vhiek  he 
ifalrni  to  build.    Of  hia  eolleagnea  at  Karbog  he  wm  i 
Iha  fltat  plaoe  to  the  anatomist,  Profearar  Ladwig  Fiek,  ia 
difaiiaMBt  he  begaa  his  career  as  Proaector,  aad  to  whoai  he  owed 
iMilitiea  vilkoot  which  be  eoold  not  have  carried  oat  hia  earlier 
iiwarrhta;  and  in  aa  even  higher  degree  to  the   great 
JL  W.  Bosaen,  from   wkom  be  derived   that  temising  in  the 
Trr^-r  which  waa  to  be  of  aseh  inearimable  valae   to  hiai  aftei^ 
wavdik 

Thara  ia  f— wi,  bowefver,  to  believe,  that,  aa  ao  oAea 
Ladwtg'a  aeiealife  |ivagrBta  waa  much  axne  inSaeneed  by  hia~ 
tamaocariea  than  by  hia  aeaiors.  In  1S47.  aa  we  learn  on  Ab  i 
hni  ttota  da  Bot»>Beym(mi1,  on  the  other  from  Ludwig  himaelf,  ha 
vhrilad  Berlin  far  the  firvt  time.  This  rint  waa  an  iatpartani 
Ulh  tor  hiiaaelf  and  for  tbe  fatnre  of  Seienee,  for  he  there  net 
Ihiae  men  of  hia  own  age,  HehuhoUz,  dn  Boia-Beymood  aad  Brflchei, 
■ke  were  deatintui  to  bcoomo  lik  life-frienda,  all  of  whom  attained 
la  tbo  UakMl  diatiaction,  and  one  of  wIknb  ia  still  living.     They 


f      X    'OS     J!»*  

^    :t  -^  -«=*'■   ^SBBTts   ■*mBa. 


°*  **"^  ■     _    _^_,  -n     Li.m.tM   lunaMii:.  T*-  khi.  "11  ami   .< 


»eBa^  paeiBi  ^  ^    joijcMorr.      Jt    3uo)Bu£.  ibis  jajerti— 

w>WB»i   'Y?^   _^^^  -^  rjcnB^seti  ±«r  ■»»   >t  *  ^ocd  -viucft,  if  not 

oKWt.  *tn»  "^^e  iim  -JsiispwBwi  »  woncsuB  •ay  sxt  o£ 
»  ifcSEes-  lur  -.  ^;^  .^^  ^  MKKMrt.  He  bad  a  ifsgni'Tiiwtion 
^no«i£^  •^^^^Lwcaiaowtt  ^i"^  iiinc«  ai»HHi»da>  aT«is£«Hi.  and, 
to  ainiowpa:™*^  ^^:„    •«mi>iu  »*o«iie«i    *«   ^»  •«"  amsfaenwjsial 

Q^diods  e^  ^  _L L Tmi  rmtrrf""^'*'^^ — «>Q«r««in«  in  diis  \m>i.ct 
initfci  rf  ^f™^  ^B^»-Be*™»™^  Msembiing  Brteka.  But  as  a 
,,jdi  hi»  aaaat^  ^  inunaiw  «e  w  him.  Hj»  power  of  -nwiA 
teaehiff  *«  'V*°^  mmtn»»  ^  ***  maaT-sniednsaa  which  mads 
pjaiiaaBon^*^!^*^  of   lu»  «a»B»s^    atttinni«nBB»  ao  atteacdTe  a 

pep»ii»ii«y-  A^  it  cMi  be  gpaerallT  atoSed  tfaafc  a  keea  Bckaitifie 

"^  lamiwtsaieB™'  j^  ^     artisac  isperts  of  Xahirt     In 

.^^er  »  »fa^,  *",:J,^'SS^  is  «.«oa  ««  diink  Aiu  the  «thetic 

fl^nlty  w»«  •^.^^tSLTbat  ^t  »  mnsunan;  both  arts  w«re 
^  a  -kilfol  'l'«/^*r^;  to  him.  He  w«.  a  regular  &«in«nter 
hovic^t^r  ft  "^'"we  of  e°J<^3r~^d  it  was  his  greatest  pleasure  to  bnng 
K.  ^'^•t^.Sl;^  bouse,  wheThe  jUy^  ^  p«t  of 
5;,K/.th.r  f{iM  "l"*"^Sfttive  liBtoier.  Of  p-nhng  he  ^w  more 
»T.  ir.t.ar.((«T.t  •"''f^*^Uoi«€tir  whose  opuuon  ."^^^tt 
5.an  /rf  mnm«.  ""t^wM  ^worried  by  what  he  considered  b*i  ^ 
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fliit  tftar  tho  rodeooratioB  of  tbe  Gevandkaue  concert-room,  he  was 
tat  NBM  time  depriv«d  of  his  accastomod  pleasara  in  listening  to 


I 


Lndwig's  Bociml  obaracton'stics  mn  only  be  toncLe<l  on  here  in  so 
bt  M  tboy  serve  to  make  iutolligiblc  Lis  womlerful  influence  as  a 
teadwr.  Many  of  his  pupils  at  Leipzig  have  referred  to  the  tchone 
Oimfintamkeit  which  cfaaractorise<l  the  life  there.  The  hanuouious 
nUt  h,  as  n  rule,  saheistcd  between  men  of  different  education 

■aii  t   nationalities,  could  not  have  been  maintained  had  not 

Ltklwig  posaeaaed  side  by  aide  with  tbat  iufiexible  e&rm-stDOss  which 
htt  showed  in  all  matters  of  work  or  duty,  a  certain  yonthfulncES  of 
diipocition  which  made  it  possible  for  men  much  younger  than 
lumaolf  to  accept  bis  friendship.  This  sympathetic  geniality  was, 
howevar,  not  the  only  or  chief  reneon  why  Ludwig's  pupils  were  the 
latter  for  baring  known  him.  There  wore  not  a  few  of  them  who  fur 
Ika  first  time  in  their  lives  came  iitto  i>ei-8onal  relation  with  a  man 
wIki  was  utterly  free  from  selfish  aims  oiid  vain  ambitions,  who  nas 
■empalonsly  conscicutions  in  all  that  he  snid  and  did,  who  was  what 
ho  teemad,  atid  seemed  what  be  was,  and  who  httd  no  other  aim  than 
IIm  •dvaaoeinent  of  his  science,  and  in  that  advancement  saw  no 
Othar  eod  than  tbe  increase  of  human  happiness.  These  qualities 
iupUj«d  themaelvoB  in  Ludwig's  daily  active  life  in  the  laboratory, 
VMS*  lie  was  to  be  found  whenever  work  of  special  iutci-e^t  was 
ptog  OB ;  bnt  etill  more  when,  as  happened  on  Sunday  morningH,  he 
MM  *' at  home  "in  the  library  of  the  Institute — tho  corner  room  in 
which  he  ordinarily  worked.  Many  of  his  "  scholars"  have  put  on 
noonl  thoir  recollections  of  tlii'se  occasions ;  tho  cordiality  of  tha , 
tnatcr'a  welcome,  the  wide  raugo  and  varied  interest  of  his  conversa- 
tion, and  tbe  rea«]y  appreciation  with  whic)i  he  seized  on  anytliing  that 
WIS  uew  or  original  in  the  Biiggeatioua  of  tlioee  pret^ent.  Few  men 
live  as  bo  did,  "  tiii  Omuen,  Oaten,  Sftumen,"  and  of  those  still  fewer 
kaew  bow  to  commooioate  out  of  their  fulness  to  others. 


The  Old  and  the  New  Vilolism. 

tho  middle  of  the  century  the  progress  of  Physiology  has 
Itinoons.  Each  y^'or  has  had  its  record,  and  has  brought 
it  aew  aooessioDe  to  knowledge.  In  one  respect  the  rate  ot\ 
prognas  was  more  rapid  at  first  than  it  is  now,  for  in  an  unexplored 
country  dincovory  is  relatively  easy.  In  another  sense  it  was  slower, 
for  thero  are  now  scores  of  investigators  for  every  one  that  could  be 
cnaoted  in  1840  or  1850.  Until  recently  thero  baa  been  throughout 
this  jioriod  no  teudeuoy  to  revert  to  tho  old  methods — no  now 
dopartnre — no  divergence  from  the  principles  which  Ludwig  did  so 
mud   •        ""         nrjd  exemplify. 

I  revolution  which  the  appearance  of  the  '  Origin  of 
SpeciLt     i.>ru«lu>'C<)  in   tlic   other   branch    of   Biology,  promoted  the 
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progress  of  PhyBiology  by  the  new  interest  which  it  gnvo  to  the  stady, 
not  only  of  stTucturo  and  doYolopnient,  but  of  all  other  vitttl 
phenomena.  It  did  not,  however,  in  Any  sensiblo  degree  affect  our 
method  or  alter  the  direction  in  which  PhysiologiBts  ha<l  been  working 
fi)r  two  decades.  Its  moat  obvious  effect  was  to  sever  the  two  subjects 
from  each  other.  To  the  Darwinian  epoch  comjjarative  Anatomy 
and  Physiology  were  united,  but  as  the  new  Ontology  grew  it  became 
evident  that  each  had  its  own  problems  and  its  own  methods  of 
deiiliug  with  them. 

The  old  vitalism  of  the  first  half  of  the  century  is  easily 
explained.  It  was  generally  believed  that,  on  <ho  whole,  things 
went  on  in  the  living  body  as  they  do  outside  of  it ;  but  when  a 
diiEculty  arose  in  so  explaining  them  the  Physiologist  wos  ready  at 
once  to  call  in  the  aid  of  a  "  vital  force."  It  mnst  not,  however,  bo 
forgotten  that,  as  I  have  already  indicated,  there  were  great  teachers 
(such,  for  exarajtlo,  as  Sharpey  and  Allen  Thomson  in  England, 
Mogondie  in  Franco,  Weber  in  Gennany)  who  discanled  all  vitalistio 
theories,  and  concerned  themselves  only  with  the  study  of  the  time- 
aud  pliico-relatiuns  of  phenomena  ;  men  who  wore  before  their  timo 
in  insight,  and  were  only  hindered  iu  their  application  of  chemical 
and  physical  principles  to  the  interpretation  of  the  processes  of  life 
by  tlie  circumstance  that  chemical  and  physical  knowledge  was  in 
itself  too  little  advanced.  Comparison  was  impossible,  for  tbo 
standards  were  not  forthcoming. 

Vitalism  in  its  original  form  gave  way  to  the  rapid  advance  of 
knowledge  as  to  the  correlation  of  the  pliysital  sciences,  whicb  took 
place  in  the  forties.  Of  the  many  writers  and  thinkers  who 
contributed  to  that  result,  J.  R.  Mayer  nnd  HclmLoltz  did  so  most 
directly,  fur  the  contribution  of  the  former  to  the  establishment  of 
tho  Doctrine  of  the  Conservation  of  Energy  Lad  physiological 
considerdtions  for  its  point  of  departure ;  and  Uoliuholtz,  at  the  timo 
he  wrote  the  "  ErhuUung  det  Kraft"  was  still  a  Physiologist. 
Consoquently  when  Ludwigs  celebrated  Lekrhuch  canio  out  in 
1852, — tho  book  which  gave  tho  coup  de  groce  to  vitalism  in  tho  old 
sense  of  tlio  word, — his  method  of  setting  forth  the  rolations  of  vital 
phenomena  by  comparison  with  their  physical  or  chemical  counter- 
parts, and  his  assertion  that  it  was  the  tas^:  of  Physiidogy  to  make 
out  tlieir  necessary  dependence  on  eleiticutary  conditions,  although  in 
violent  contrast  with  current  doctrine,  were  in  no  way  surprising 
to  thoso  who  were  acfjuaiuted  with  the  then  recent  progress  of 
research.  Ludwig's  teaching  was  indeed  no  moro  than  a  general 
application  of  principles  which  bad  already  been  applied  in  par- 
lictilar  iustnnces. 

Tho  proof  of  the  non-existence  of  a  special  "  vital  force  "  lies  in 
tho  demonstration  of  tho  aioqitacy  of  t!ie  known  sources  of  onergy  in 
the  organism  to  account  for  the  actual  day  by  day  expenditure  of 
hfat  and  work — iu  other  words,  on  the  possibility  of  setting  forth  an 
energy  balance  sheet,  in  which  tho  quantity  uf  food  which  enters  the 
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ig  vftcKUiX  of  heaX  piodaeed  or  extenuJ  wwk  done.  It 
to  raBMnlMT  thst  tbe  vork  aeeeouj  for  |««]ariiig  aodh  • 
Idaaea  J^b^  (whkk  ]E»j«r  bad  atleaipled  bat,  firoia  want  of  nA- 
ciatS  d*ta,  fitilfld  in)  wm  began  tbirtj  jmtb  ago  ia  tbe  Ubontury  of 
the  Bm«l  Inatitatian  ^  Uw  preaent  Fo«ign  Seeretuy  of  the 
Boyal  BodMy.  Bat  tbe  determioatioaa  made  bj  Dr.  FianUaad 
rdatad  to  one  ade  of  tbe  balancA  abeet,  tbat  of  insoine.  By  bis 
laaaoralMa  in  1866  be  gave  PhjsiologistB  for  tbe  first  time  reliable 
tafimHtiai  aa  to  tbe  beat  raloe  ^Le.  the  amooat  of  beat  jrielded  by 
the  mabnatiop)  of  difiaceDt  eo—titoenta  of  food.  It  still  reoauaed 
lo  a^jruelbadB  of  exaet  measoreiBent  to  tbe  expenditoie  side  of  tbe 
»i«fiwniti  Heb^bolls  bad  estimated  tbis,  as  regards  man,  aa  beet  be 
■i^rt ;  bat  tbe  technical  difficoltiea  of  meaeariug  tbe  expenditure 
of  hMt  of  tbe  aaimal  body  appeared  until  lat«'ly  to  bo  almool, 
tasvporaUe.  Kow  that  it  has  been  at  last  sacoe«sfallj  accompl 
mt  nv«  the  experimental  proof  that  in  the  process  of  life  there  is 
pradiwjticn  or  disappeatanoe  of  energy.  It  may  be  said  thai  it  « 
nmMeasacy  to  proTO  what  no  scientifically  sane  man  donbtedj 
Tbsfa  a>«,  bowerer,  reaGons  why  it  is  of  importance  to  bai 
objooliTa  eridsaoe  that  food  is  the  sole  and  adnqnate  source  of  tbe 
sao^gy  vbieb  we  day  by  day  or  honr  by  hour  disengage,  whether  in 
tha  fbrai  of  beat  or  extenial  work. 

In  die  opeotBg  paragraph  of  this  section  it  was  observed  that 
oatil  ncmtttf  there  bad  been  no  tendency  to  rorire  tbe  Titalistic  notion 
of  two  geoerationB  ago.  In  introducing  the  words  in  italics  I 
ttbtrtd  to  tbe  existence  at  the  present  time  in  (lermany  of  a  sort  of 
reaeliaaf  which  under  the  term  "  Neovitalismns  "  has  attracted  some 
gUoBlioa — to  mnch  indeed  that  at  tbe  Vertammlung  DaUtcher 
thtarfantker  at  Liibock  last  September,  it  was  the  snbjoct  of  one  of 
lbs  geaotal  addreoBes.  The  author  of  this  address  (Prof.  Rindfieiscfa) 
VIS,  I  beliere,  tbe  inreutor  uf  the  word,  bat  the  origin  of  the 
■waaMat  ia  naoally  traced  to  a  work  on  Ph.Tsiuloi^ical  CbemiBtry 
alaob  BB  esoellent  tmuBlation  by  tbe  lato  Dr.  Wouldriilge  hits  made 
&miliar  to  Eoglisb  students.  The  author  of  this  work  owes  it  to 
lbs  buDiSBage  be  employe  in  the  iutroduction  on  "Mochanism  and 
Vitalion,"  if  his  position  has  been  niisanderstood,  for  in  that 
intrulootion  ho  distinctly  ranges  Limself  on  the  vitalistio  side.  As, 
however,  his  vitalism  is  of  such  a  kind  as  not  to  influence  his  method 
of  dealing  with  acloal  problems,  it  is  only  in  so  fur  of  cousciqncnoo 
as  it  B»y  affoct  tlo  rea<1or.  For  my  own  part  I  feel  grateful  to 
Pruftaaor  Tn-  -  '  r  liaving  prodacml  an  iutcrcjitiug  and  modiible 
book  on  a  <li  '   oTcn  though  t}iat  interctit  may  be  ]iartly  dtto 

lo  iba  intiwiiu  ii"ii  >tito  the  discuiwiou,  of  a  question  which,  as  be 
HMBaftl  it,  i»  more  sfwculativo  than  scientific. 

Asregar>I        '  '      iologicAl  writers  to  whom  vitalistic  tonden- 

OcaklTa  ban  t  in  to  be  observed  that  nonu  of  tlictn  huvo 

maggmU>'\  UiAl  i^^  dootriuo  uf  a  "vital  forcu"  in  its  old  8c<ii8^i 
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fihonld  be  revived.  Their  contention  amounts  to  little  more  than  this, 
that  in  certain  recent  instances  improved  methods  of  research  appear 
to  have  shown  that  processes,  at  first  regarded  as  entirely  physioJ  or 
chemical,  do  not  conform  so  precisely  as  they  were  expected  to  do  to 
chemical  and  physical  laws.  As  these  instances  are  all  essentially 
analogous,  reference  to  one  will  serve  to  explain  the  bearing  of  the 
rest. 

Those  who  have  any  acquaintance  with  the  structnre  of  the  aninuJ 
body  will  know  that  there  exists  in  the  higher  animals,  in  addition  to 
the  system  of  veins  by  which  the  blood  is  brought  back  ^m  all  parts 
to  the  heart,  another  less  considerable  system  of  branched  tubes,  the 
lymphatics,  by  which,  if  one  may  so  express  it,  the  leakage  of  the 
blood-vessels  is  collected.  Now,  without  inquiring  into  the  why  of 
this  system,  Ludwig  and  his  pupils  made  and  continued  for  many 
years  elaborate  investigations  which  were  for  long  the  chief  sonroes 
of  oar  knowledge,  their  general  result  being  that  the  efficient  cause  of 
the  movement  of  the  lymph,  like  that  of  the  blood,  was  mechanical. 
At  the  Berlin  Congress  in  1890  new  observations  by  Professor  Hei- 
denhain  of  Breslau  made  it  appear  that  under  certain  conditions  the 
process  of  lymph  formation  does  not  go  on  in  strict  accordance  with 
the  physical  laws  by  which  leakage  through  membranes  is  regulated ; 
the  experimental  results  being  of  so  unequivocal  a  kind  that,  even 
had  they  not  been  confirmed,  they  must  have  been  received  without 
hesitation.  How  is  such  a  case  as  this  to  be  met?  The  "Neovi- 
talists "  answer  promptly  by  reminding  us  that  there  are  cells,  i.e. 
living  individuals,  placed  at  the  inlets  of  the  system  of  drainage  with- 
out which  it  would  not  work,  that  these  let  in  less  or  more  liquid 
according  to  circumstances,  and  that  in  doing  so  they  act  in  obedience, 
not  to  physical  laws,  but  to  vital  ones — to  laws  which  are  special  to 
themselves. 

Now,  it  is  perfectly  true  that  living  cells,  like  working  bees,  are 
both  the  architects  of  the  hive  and  the  sources  of  its  activity  ;  but  if 
we  ask  bow  honey  is  made,  it  is  no  answer  to  say  that  the  bees  make 
it.  We  do  not  require  to  be  told  that  cells  have  to  do  with  the 
making  of  lymph,  as  with  every  process  in  the  animal  organism ;  but 
what  we  want  to  know  is  how  they  work,  and  to  this  we  shall  never 
get  an  answer  so  long  as  we  content  ourselves  with  merely  ex- 
plaining one  unknown  thing  by  another.  The  action  of  cells  must 
be  explained,  if  at  all,  by  the  same  method  of  comparison  with 
physical  or  chemical  analogues  that  we  employ  in  the  investigation  of 
organs. 

Since  1890  the  problem  of  lymph  formation  has  been  attacked  by 
a  number  of  able  workers — among  others  in  London,  by  Dr.  Starling 
of  Guy's  Hospital,  who,  by  sedulously  studying  the  conditions  under 
which  the  discrepancies  between  the  actual  and  the  expected  have 
ariseu,  has  succeeded  in  untying  several  knots.  In  reference  to  the 
whole  subject,  it  is  to  be  noticed  that  the  process  by  which  difficul- 
ties are  brought  into  view  is  the  same  as  that  by  which  they  are 
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It  is  one  and  the  nme  method  throogbont,  by  which, 
ricp  bj  stop,  knowledge  petfects  itaelf — at  one  time  by  discovering 
•Ron,  At  kaotlier  bj  correcting  them ;  and  if  at  certain  atagee  in  this 
ngyvM  diJBcoItiaB  mean  inenpexable,  we  can  gain  nothiog  by  calling 
m,  VNOi  pstmaioiMdly,  the  aid  of  any  sort  of  Eidolon,  whether  "  oeU," 
**prptoplasiD,'*  or  internal  principle. 

It  tbi»  appears  to  be  doubtful  whether  any  of  the  biological 
vrilerB  wLo  haTe  receotl  v  professed  ritalistic  tendencies  are  in  reality 
Titaliala.  The  only  exception  that  I  know  is  to  be  found  in  the 
writinga  of  a  well-known  worker,  Hans  Drieach,*  who  has  been  led  by 
kia  reaearebea  on  what  is  now  odled  the  Mechanics  of  Evolntfon,  to 
rvfOft  Ut  the  fondameotal  conception  of  vitalifm,  that  the  laws  which 
mnrm  rital  prooeases  are  not  physical,  bat  biological — that  is,  pecn- 
liar  to  the  liring  or^inism,  and  limited  thereto  in  their  operation. 
Bn«acli's  researches  as  to  the  modifications  which  can  be  produced  by 
Bedsanical  interference  in  the  early  stages  of  the  process  of  onto- 
ganaaia  have  enforced  upon  him  considerations  which  he  evidently 
la^uda  aa  new,  though  they  are  familiar  enough  to  Physiologists. 
Ba  reoognisee  that  lUthough  by  the  observation  of  the  sncceasiTe 
■tagw  in  the  ontogenetic  pn>oefie,  one  may  arrive  at  a  perfect  know- 
ledge of  the  relation  of  these  stages  to  each  other,  this  leaves  the 
cffieiaiil  oanaea  of  the  development  unexplained  (/akrt  mcit  m  eittem 
trkmmimimikrer  bewirkenden  Uraachrn) — it  does  not  teaoh  us  why  one 
Aim  apru^  oat  of  another.  This  brings  him  at  onoe  Caoe  to  face 
vitk  a  noinentoQS  qneetiou.  He  has  to  encoanter  three  possibiUties — 
he  may  either  join  the  camp  of  the  biological  agnostics  and  say  with 
im  Bat»-Bejmoud,  not  only  "  ignoramu*"  but  ^  ignonMnHu" ;  or  bo 
eoaleni  to  work  on  in  the  hope  that  the  physical  laws  that  underlie 
nd  flsplain  organic  Evolntion  may  sooner  or  later  be  discovered ;  or 
he  nay  aeek  for  some  hitherto  hidden  Law  of  Organism,  of  which  the 
known  &cta  of  Ontogeuoais  are  the  expression,  and  which,  if  accepted 
aa  a  Iaw  of  Nature,  would  explain  everything.  Of  the  three  altema- 
ttws  Drieech  prefurs  tbo  last,  which  is  equivalent  to  declaring  hiuuielf 
an  oni-nnd-out  vitalist.  Ho  trusts  by  means  of  his  experimental 
iswtigalioos  of  the  M'xhanics  of  Evolution  to  arrive  at  "  elementary 
caaea|itionfl "  on  which  by  "  mathematical  deduction  "  f  ^  complete 
llMon  of  Evolution  may  lie  founded. 

If  this  anticipation  could  be  realised,  if  we  could  mentally 
oonatmct  with  the  aid  of  tliese  new  Principia  the  ontogeny  of  a  single 
Uring  being,  the  question  whether  such  a  result  was  or  was  not  inuun- 


*  Drfawli,  '  Rnt«ieklungnncchan!iehe  Btadieu ' :  a  Beriea  of  ten  P»pen,  nf 
vfctek  tba  fint  aU  bava  appearvd  in  tfae  'ZeiUcb.  f.  w.  Zoologie,'  voU.  liii.  uod 
Iv.  (ht  (Ml  in  Uw  •  lOtflMflaDgern  '  of  the  Naples  Htation. 
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bathaiaaacm  an*  aieh  ccMUUeu  moditca."     Drioacb,  "  B«itTige  sor  ilieorc- 
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sistent  with  the  tmifonnity  of  Nature,  would  sink  into  indgnificance 
as  compared  with  the  splendonr  of  such  a  discovery. 

Bat  will  such  a  discovery  ever  be  made  ?  It  seems  to  me  even 
more  improbable  than  that  of  a  physical  theory  of  organic  eyolation. 
In  the  meantime  it  is  satisfactory  to  reflect  that  the  opinion  we  may 
be  led  to  entertain  on  this  theoretical  question  need  not  affect  our 
eetimato  of  the  value  of  Driesch's  fruitful  experimental  researches. 

[J.  B.  S.] 
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WEEBXY  EVENING  MEETING, 
Friday,  Jauaarj  31,  1896. 

"SiB  BsWAJcni  Bakib,  K.C.M.G.  LL.D.  F.11.8.  Manager, 
in  the  CLair. 

I  flowsT  X<BV>  Esq.  tbe  Editor  of  the '  Dictionary  of  National 

Biography.' 

National  Biography. 
(Abstract.) 

Mb.  Sipskt  !««■  pointed  ont  that  pride  in  the  achiovement  of  one's 
uoeftots  is  -almoak  as  widely  distributed  a  characteristic  of  mankind 
M  lltt  power  of  speech.  In  China,  the  national  religion  centres  round 
t  worehip  of  prog^enitors  to  very  remote  dogreeB,  and  Western  nations 
exhibit  lliu  eame  inatinctivo  desire  to  do  honour  to  tlio  niomoriea  of 
those  who,  by  character  and  exploits,  have  disiingaishod  themselves 
from  the  mass  of  their  conntrymeu.  But  no  memorial  cnu  be  oatiunol 
and  ofBoieut,  nnleas  it  bo  at  once  permanent,  public  and  perspicuous. 
Il  abonld  tkko  such  a  shaiMs  as  to  leave  no  doubt  in  the  mind  of 
postority  what  was  tlio  nature  of  the  achievement  or  characteriBtics 
thai  oenoratKid  in  the  nation  the  desire  of  commemoration.  Mouu- 
IMDts  in  Rtono  or  brass  preserve  bare  names,  and  are  not  lasting. 
"  Tia  aafut  way,"  wrote  "Thomas  Fuller,  "  to  eecuro  a  memoiy  from 
ohlirion  is  by  oonnnittiug  tbe  same  to  writing."  The  rarity  of  poetic 
taetnorialfl  like  Shelley's  *  Adonais '  or  '  The  Burial  of  Csir  John 
Moon^'  which  ore  at  once  permanent,  public  and  perspicuoTis,  compels 
roeoomo  lo  the  more  adaptable  machinery  of  biography.  But 
iriography,  as  it  is  ordinarily  practised,  works  fitfully  and  capriciously. 
If  liiography  is  to  respond  to  a  whole  nation's  commemorative  aspira- 
ttiiOf,  it«  bounds  must  be  enlarged  and  defined,  so  as  to  odmit  with 
nncrring  precision  every  one  who  has  excited  the  nation's  commemora- 
tive instinct,  while  the  mode  of  treatment  must  be  so  contrived,  so 
:f  '  '■  *  the  collected  results  may  not  overwhelm  us  by  their 
hy  working  with  these  aims  and  on  these  lines  may 
t«c  fwUi'd  national  biography.  Carlyle's  definition  of  tho 
function  of  history — "  to  find  out  great  men,  clean  tho  dirt  from  them 
and  place  thora  on  their  proper  pedeBtjils" — more  properly  defines 
llie  fniirh'ou  of  national  biography.  The  aims  of  the  historian  ond 
\,  sire   ijuito  distinct.     The  historian  deals  with  aggrogiito 

ij, .  ,jf  moil,  with  political  events  and  iustitulions,  with  tho 

etolatjon  of  society  ;  he  looks  at  mankind  through  a  field-gloss  ;  his 
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purpose  is  often  served  if  he  catch  a  glimpse,  or  no  glimpso  at  all,  of 
personages  who  command  the  biographer's  mo«t  earnest  attention. 
The  historian  barely  mentions  men  like  Dr.  Jcihnsou,  Benveuuto 
Cellini,  Lord  Herbert  of  CLcrbury,  or  Samuel  Pepys.  The 
biographer,  on  the  other  hand,  pnts  individual  men  under  a  magni- 
fying glass  and  submits  them  to  minute  examination  ;  professionally 
he  cares  little  or  nothing  for  the  evolution  of  society.  But  while 
the  historian  and  biographer  seek  different  goals,  they  can  render 
ono  another  very  genuine  service  on  the  rond.  Tlie  biographer 
requires  an  intelligent  knowledge  of  the  historical  environment,  if  ho 
wuuld  portray  in  fitting  perspective  all  the  operations  of  his  unit : 
but  his  art  is  to  sternly  subordinate  his  scenery  to  his  actors,  and 
never  to  crowd  Ma  stage  with  iipholfttiTy  and  sconic  apparatus  that 
can  only  distract  the  spectators'  atteution  from  the  proper  interest  of 
the  piece.  The  historian's  debt  to  the  bioprapber  is  even  greater 
than  the  biographer's  to  the  historian.  The  biographer  has  to 
explore  many  a  dismal  swamp  in  which  the  historian  is  not  called 
upon  to  set  foot.  Parish  registers,  academic  archives,  family  letters, 
uupriuted  memoranda,  county  histories,  genealogical  dissertations 
and  pedigrees,  are  leading  features  of  the  country  in  which  the  bio- 
grapher passes  his  days.  But  such  material  may  secrete  an  impor- 
tant htBtorical  fact,  or  tbrow  a  welcome  light  on  an  obscure  step  in  an 
historic  movement.  Macaulay  made  frequent  apjieals  to  biography  with 
excellent  effect,  but  Mr.  Fronde  neglected  it.  His  picture  of  Queen 
Mary  of  England,  as  a  hag-like  bigot,  might  easily  have  been  rectified 
by  an  occasional  resort  to  pedestrian  biographical  sources.  Nor  will 
the  lack  of  accessible  biography  long  constitute  a  suflScieut  excuse  for 
the  historian's  neglect  of  biographic  sources.  The  historian  will  soon 
have  at  his  command  a  comideted  register  of  national  biiigraphy. 

The  Method  of  National  Bioijrnphy. — National  biography  seeks,  as 
Priestley  said  of  science,  "  to  comprise  as  much  knowledge  ns  possible 
in  the  smallest  crimpass."  Conciseness  carried  to  the  furthest  limits 
consistent  with  the  due  performance  of  his  commemorative  function, 
is  the  first  law  of  the  national  biographer's  being.  No  place  can  be 
accorded  to  rhetoric,  voluble  enthusiasm,  emotion,  or  loquacious  senti- 
ment. The  writings  of  authors,  the  works  of  painters  or  engravers, 
must  be  cast  into  the  unexhilarating  form  of  chronological  series 
or  catalogues,  and  the  result  must  be  rather  like  a  map  or  plan 
than  a  picture.  The  result  need  not  necessarily  he  devoid  of 
literary  art,  and  should  give  the  render  the  feeling — ono  as  plenaiug 
as  any  that  art  can  give — that  to  him  has  been  imparted  all  the 
information  for  which  his  commemonitivo  instinct  craves.  The 
national  biographer  must  nerve  himself  to  omit  much  detail,  much 
anecdote  that  may  find  a  lawful  jJaco  in  individual  biography. 
It  is  solely  in  the  few  careers  which  exhibit  unusual  spiritual 
tendencies  or  conspicuous  deflections  from  tho  ordinary  standard  of 
morality,  that  any  reference  to  a  nxau's  moral  or  spiritual  oii>erionoo 
is  justifiable.      Such   lapses  as   tho   marital    advcnturos  of  Byrou,^ 
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or  Pamoll,  CJoleridge's  indulgence  in  opiam,  Porson'a  indnl- 

in  drink,  which  ti tally  affected  tbcir  careers,  moBt  bo  frankly 

, ;  Uciously  and  briefly  described.     Here,  as  at  every  point  in  his 

vurk,  the  ualional  biogmplier  has  t<>  cultirate  the  judicial  temper,  for 

he  bia  nut  meroly   to  record   ropntatiuns  bnt  to  adjnst  tbeni.     He 

■art  not  exalt  C^romwell  at  Cbarles  I.'s  expense,  nor  Cbarlcs  L  at 

QiaawAll's.     Careers  embittered  by  controversy  must  be  treated  with 

9m  regard  to  all  the  interests  involved.     Many  of  these  methods  of 

Bsdoeal   biography  might   be  adopted  without  disadvantage  by  the 

iadividnal  biograjiher,  who  is  often  no  expert  in  the  biographic  art; 

DO  linvii  is  sot  to  his  diffoseness,  to  his  indnlgence  in  trivial  details,  to 

kk  partisan  tendencies ;  with  the  result  that  the  hero's  really  eminent 

Mifcmii— i*wt»  and    distinctive   charactensticB   lie   buried   under  the 

dwl  Mid  line*  of  special  pleading,  commonplace  gossip  or  helpless 

•alogj.     The  national  biographer  aims  at  commemorating   all  who 

hit*  excited  the  commemorative  instinct  in  any  appreciable  degree  in 

■BT  dmartment  of  national  life ;  bat  it  is  difficult  to  enunciate  any 

pnnapla  of  exclusion    that   shall  carry  universal  conviction.      An 

Aristotelian  definition   may  apply ;   and  it  may  be  snggested  that 

ao  Dan's  life  shonld  be  admitted  that  does  not  present  at  least  one 

Mtkn  tkat  is  "  sorions,  complete  and  of  a  certain  magnitude."     Official 

except  of  the  rarest  and  most  diguiQcd  kind,  give  in  them- 

.  DO  claim  to  national  commemoration.     But  national  biography 

■Ml    Mtisfy   the  commemorative   instinct   of   all   sections  of  the 

pyhitiTT''.  and  include  representatives  of  varied  political  or  religions 

BOVWDcnts.     Tho  national  biographer  must,  at  times,  too,  correct 

tW  working   of  the   nation's  commemorative  instinct,  by  noticing 

tkowf    «1i'.     having   prepared    the   way  for   greet   inventions,   have 

Wt.  1,  while  all  tho  glory  has  gone  to  those  who  have  reaped 

As  ^u^;..  uf  preceding  efforts.     It  is  obvioos  that  of  the  aggregate 

■MB  <£  mankind  very  few  are  taken.     The  lecturer's  pcrsooal  experi- 

■01  led  him  to  estimate  tliat  from  the  year  1000  k.  d.  to  the  end  of 

da  pnaont  oentnry,  30,000  persons  have  achieved  in  this  Kingdom 

lack  BMasore  of  distinction  as  to  claim  the  national  biographer's 

•ttcation;    Le.  1   in   6000  of  the   adult  population.      Up  to  the 

ad  of  the  seventeenth  century  the  ratio  for  adults  seems  to  have 

kca  1  in  6350.     Last  century  it  rose  almost  im^K-rceptibly,  viz.  to 

1  ia  600O.     In  this  century,  when  we  inclndo  the  English  speaking 

iihaliilants   of   our   colonies,   but   exclude    the   United    States,    tho 

lilio  sensibly  rises,  viz.  to  one  in  4000,  and  at  the  present  moment 

600  adults  in  the  County  of  Loudon  are  qualifying  fur  admission  to 

•  emsplote  register  of  national  biography,  of  whom  twenty  should  be 

VTflMli.      The  increase   of  tho   ratio  of  distinction   in  the  present 

■■tarjr  is  largely  dne  to  tho  multiplication  of  intellectual  callings, 

ihsfMCMlisation  of  science  and  art,  and  the  improvement  of  educational 

Mckinary. 

tgftrimtnlt  in  National  Biography. — In  conclusion  the  lecturer 
Incty  daacribcd    the  efforts  previously  made  in   this  conntry  in 
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the  direction  of  national  biography.  After  allnding  to  medisTal 
collections  of  lives  of  saints,  popes,  kings  and  others,  he  reviewed 
the  dovelopment  of  biography  during  the  sixteenth  and  seventeenth 
oentnries,  beginning  with  Leland,  Bale,  Pits  and  Foxe.  These 
collective  biographers  were  religions  partisans  whose  theological 
prejudices  had  to  be  counteracted  before  national  biography  could 
enjoy  an  adequate  measure  of  impartiality.  Later  on,  biographers 
like  the  Scotsmen  Dempster  and  Mackenzie,  betrayed  an  excessive 
patriotism  or  racial  bias  which  overruled  all  other  oonsiderations 
with  equally  disastrous  results.  A  great  advance  was  seen 
during  the  seventeenth  century  in  Kaunton's  '  Fragmenta  Begalia,' 
Holland's  '  Heroologia,'  Aubrey's  *  Lives,'  but  above  all  in  Wood's 
<  Athene  Oxonienses '  and  Fuller's  '  Worthies  of  England.'  Li  the 
eighteenth  oentniy  the  encyclopeedio  movement  gave  rise  to  a  genuine 
attempt  at  national  biography  in  the  work  called  '  Biographia 
Britannica.'  The  first  volume  appeared  in  1747,  the  seventh  and 
last  in  1763.  The  scheme  had  grave  defects,  but  they  should  be 
treated  with  the  merciful  consideration  to  which  the  shortcomings 
of  all  pioneers  are  entitled.  Moreover,  unlike  some  of  its  suo- 
cossors,  the  '  Biographia  Britannica '  achieved  the  distinction  of 
reaching  the  letter  Z.  Eleven  years  later  Dr.  Johnson  was  invited 
to  prepare  a  second  edition.  But  Dr.  Johnson  had  had  one 
experience  in  dictionary  making  and  ho  not  unnaturally  declined  to 
have  a  second.  The  task  was  undertaken  by  another  (Dr.  Eippis), 
and  in  1793  there  appeared  the  fifth  and  last  volume  of  the  second 
edition  of  the  '  Biographia  Britannica.'  But  though  the  work  had 
reached  its  last  volume,  its  final  pages  had  only  arrived  at  the 
beginning  of  the  letter  F.  At  the  article  on  Sir  Thomas  Fastolf 
this  undertaking  stopped,  to  remain  for  ever  a  magnificent  fragment, 
a  melancholy  wrock,  a  fearful  example. 

"  Checks  and  disaatcra 
Grow  in  the  veins  of  actions  highest  reared." 

Some  twenty-one  years  later.  Alexander  Chalmers  completed  in 
thirty-two  volumes  his  very  respectable  '  Biographical  Dictionary.' 
Some  thirty  years  later,  the  Society  for  the  Diffusion  of  Useful 
Knowledge,  under  a  committee,  of  which  Lord  Brougham  was  chair- 
man, and  Lord  Spencer  (father  of  the  present  earl)  was  vice-chairman, 
designed  a  dictionary  of  biography  which  was  to  combine  national 
with  universal  biography,  on  an  ambitions  scale.  But  the  letter  A 
was  only  completed  in  seven  volumes,  and  it  is,  therefore,  not 
surprising  to  learn  that  that  venture  went  no  further.  A  very 
modest  attempt  in  the  same  direction  followed,  in  Rose's  '  Biographical 
Dictionary,*  but  here  the  first  three  letters  of  the  alphabet  absorbed 
six  volumes,  and  tho  remaining  twenty-tliree  letters  were  compressed 
into  another  six.  There  followed  a  pause  in  tho  efforts  of  collective 
biography  in  this  country.     After  tho  middle  of  tho  century,  Germany 
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Awtria  and  Belginm  each  set  on  foot  a  registor  of  national  biography 

nder  the  Miapices  of  stata-aiJed  litcrarj  academios.     At  leugth,  a 

M«  aoil  very  streniuMM  endeavour  was  made  to  supply  the  defect  in 

oar  oirti  literatorei,  made  andor  the  anspicos  of  no  state-aided  literary 

netitnitt,  bat  by  the  indopendont  and  enlightened  exertion  of  one 

gnat  Kngliah  pnblifihvr.     In  oonolasion  the  lecturer  said  :  "  It  dooH 

Bol  ^HnM■llM>  me    to  say  much  of  this  last  endeavour,  with  which  I 

UB  very  closely  identitied.     The  '  Dictionary  of  Nutiunal  Biography,' 

•kicL  vn»  be^n  some  thirteen  years  ago  nuder  Mr.  Leslie  StcpLou's 

(diiorafaip,  is  ooir  neaxing  completion  under  roy  own.     Even  if  the 

'I'idianary  of    National  Bio<,'ra]>hy '  does  not  practise  at  all  points 

dne  eomucls  of  perfection  which  I  have  addressed  to  you  to-night, 

tfBeOBtains  errors  from  whieli  no  work  of  such  multiplicity  was  over 

hn;  yet  tho«(o   who   are  a<^-quaiatod  with  it  will  admit  that   it  has 

■oenupliabed   much,    that  the  writers  who  hare  co-oiierate<l  in    its 

ftodactioD  b»ve  Tastly  improved  upon  their  predeceiisorB,  and  finally 

thai  it   is   noDO    the    less  efiScient,  and  none  the   leas  worthy  of  its 

mielity  th«.'>ntc,  Locaose,  while  it  Mseks  to  do  the  Stato  some  service,  it 

i*  Lbs  outoome  of   private  enterprise,  and  the  handiwork  of  private 

atiiona.'' 
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GENERAL  MONTHLY  MEETING, 

Monday,  Febrnary  3,  1896. 

Sib  Jakes  Cbiohtoh-Bbownx,  M.D.  LL.D.   F.B.S.  Treasnrer  and 
Vice-President,  in  the  Chair. 

Mrs.  Montagu, 

Robert  B.  Tatlock,  Esq.  F.C.S.  F.LC. 

Ernest  Westlake,  Esq. 

were  elected  Members  of  the  Boyal  Institation. 

TFe  Pbkbimts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  retomed  for  the  same,  viz. : — 


The  Oovemor-Oeneral  of  India — G«ologlcal  Survey  of  India:   Beoords,  Vol. 

XXVUI.  Part4.    8vo.     1895. 
The  Lords  of  the  AdmiraUy — Nautical  Alnaanao  for  1899.    8ro. 
The  Minister  of  Publie  Instruction,  Paris — Documents  in^ts  snr  lldstoire  de 
EHnoe: 
Lettras  de  Ckttherine  de  M^ois  pabli&  par  H.  le  Gt.  H.  de  la  Ferri&re. 

Tome  V.  1574-77.    4to.    1895. 
Lettree  de  Oardinal  Mazarin  public  par  M.  le  Yte.  d'Avenel.    Tome  VIII. 
1657-58.    4to.    1894. 
The  Meteortdoguxd  Office — ^Heteotological  ObserrationB  at  Stations  of  the  Second 
Order  for  1891.    4to.    1895. 
Hourly  Means  for  1891.    4to.    1895. 
Aecademia  dei  Lineei,  Beale,  Soma — ^Atti,  Serie  Quinta :  BendioontL    Glasse  di 
Soienze  Horali,  etc.    Vol.  lY.  Faso.  9, 10°.    8vo.    1895. 
Classe  di  Soienze  Fisiche,  etc.    2»  Semestre,  Vol.  IV.  Faac.  9-12;  VoL  V. 
Faso.  1.    8m    1895. 
AgrietiUural  Society  of  England,  ifcyal— Journal,  Vol.  VI.  Part  4.    8vo.     1895. 
American  Academy  of  Arts  and  Scienoes — Proceedings,  VoL  XXX.    8?o.    1895. 
Aristotelian  &>a«t«— Prooeedings,  Vol.  ILL  No.  1.    8vo.    1895. 
Atiatie  Boeiety  of  £«iMaI— Proceedings,  1895,  Nos.  7,  8.    8to. 

Journal,  Vol.  LXIV.  Part  1,  No.  2.     8vo.    1895. 
Aeiatia  Society  of  Oreat  Britain,  Boyal — Journal  for  Jan.  1896.    8vo. 
Arironomieal  Society,  Royal — Hemous,  Vol.  LL  1892-95.    8vo. 

Monthly  Notices,  Vol.  LVI.  Noe.  1,  2.    8vo.     1895. 
Bandsept,  A.  Esq.  (the  Author) — BrQlenrs  auto-m^angeurs-atomiseuis  pour  com- 
bustions iutensives.    8ro.     1894-95. 
Bankers,  InstittUe  of— Journal,  Vol.  XVI.  Part  9 ;  Vol.  XVII.  Part  1.  8to.   1895. 
BimetaUio  League — Replies  to  the  Leaflets  of  the  Gold  Standard  Defence  Asso- 
ciation, and  other  papers.    8vo.     1895. 
Bimetallist  for  1895.    8vo. 
Boston  PtAlie  Library,  17,S.^.— Bulletin  for  Joly-Oct.  1895.    8vo. 
Boston  Society  of  Natural  ffwtory— Proceedings,  Vol.  XXVI.  Part  4.    8vo.    1895. 
Memoirs,  Vol.  V.  Noe.  1,  2.    4to.    1895. 
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ArMdk  ilfdUtete.  Am!  ImdJb^tf    TitimI.  1»»-ML  K<«.  S-i. 
Bl«U    IwwifMW    /or  Ae    4<— niirf  ^  Wib    Biim  of  tte 

M«<li>ca(Ui«Bnfiab  AMHJitmheUiaiiOTialJlteL,    «*«.    ia*l 
lKMA.i*iiniiwrwT   iliiriffw     TwimI,  VoL  Y.  So.  U  :  T«L  VL  X<»  ^  H 

ftwx    MB*. 
Cmct*  Chk-^SooiM]  for  Dbc  tffiS  aad  Jm.  189C    St«. 
CUm  PoWm  Ljbf«rie»  — ClMitted  OMdogw  «f  Boob  opoB  SaoKa,  tiw  D«M  I 

AfU  aiMi  the  Pine  Aita.     flvo.    IflSS^ 
fWitnal  lnJ-«r>,  fliprfaly  tZ-^ouHMJ.  YA  XIV.  Xa^  1 1.  It.    8m>    US& 
CUiical  gpww^ -  JmUMl  «br  Dte. Onpylf  i iiliij No^  1886  —jl  Jm. M9fc    •m.l 
IVaewaittKB.  K<w.  ISO.  1S7.    8*a    1890. 

X  m.  r.iLS.  jrju.— B«rwto  or  •  nji  rn^Btim  ar  &• 

Fiae  At<«  Clob  ■ppnwted  to  tart  «artan  mcAm^  ifariMj  f»  IW 
I  o4'  Dravioj^  ia  Wmtor  OoImr.    »*a.     lSa& 

9W«>a»— B^IMia.  1896^  H«a.  V9-    ^^ 
,  Qmmmt^  Em.  (Oe  .4«a«r>-OlBaU  Dcporite  of  I 
UtbtvielBltrartbeBodcyMowtoiBa.    »w.     18MI 
ik«,  awOtf  A  B«wto— BaUetia.  IMS.  Dwgjewa  at  QMhi>i  T^Faialiii.    Sml 
UM. 

ttlI<rrJEaH•D•-T^I^MiiMManbeB.   By  P.  M.  too  Doimt   9m    IIMLj 
•dfo  ilwBaatiw     IoimmU.  Jaa»iT  )8»&    8va 
May»-^iMtiB—  J«»gnwl  rffiwiwM  far  Pw.  1886 wad  Jw.  MS«.    8i«k 
Aa»]7rtfarDM.m»MidJu.lH9ft    Sitt. 

rAatboey'aPlwlaKnfliieBanMaifarDw-iaSSKad  Jm-ISW.    8t«. 
AitiiwtiwiBl  Jvaiaal  fdr  Dee.  1895  ud  Jan.  I8M.    8i«. 
illi— for  Dm.  less  M»d  Ju.  18»&    4»o. 
AtfWr  for  Dc«v  18»5  Mil  Ju.  XfM. 
hammi  J<ianikl  for  Deo-  l«q«  a^  Ju  18ML    9«a 
ffc—JMl  Kewa  far  Dee.  t8H  ud  Ju.  I8M.    41a. 
ChMiikaBdDmsMlferOM.l8MudJu.18M.    Stvl 
Ifcrtriwit  BMter  far  Dm.  I8M  ud  Ju.  1898L    M. 
ElMttiul  Bngiaomar  far  Dm.  18»S  ud  Jan.  18M. 
IBwiriMl  B«Tiev  fcrDM.  18W  ud  Ju.  189«.    »ml 
Bbetfte  Pbat  far  Dae.  ie»5  aad  Jaa.  18M.    8«d. 
for  Dec  1805  and  Ju.  189&    foL 

Doe.  188»  ud  Jaa.  t89&.    faL 
^  lUvfaw.  De«.  1885  aad  Jan.  18M. 
^       llaiiiMLlial  JoomJ  for  Dee.  1885  aad  Jan.  I8M.    8f«. 
■      ladonLaai  Um.  1895  ud  Jan.  183&    foL 

^P       ISTUtieo  f< '.  '•  and  Jan.  t89<I.    Sro. 

~       Law  Joamal  lor  Utc.  Iid3  aad  Jan.  189&    8to 

MMtdnary  tUrlu-t  for  Dm.  1883  aad  Jaa.  189«.    gfo. 
IfaiM  for  Jan.  168<.    8fD. 
IMbiv  far  Dao.  1886  aad  Jan.  ISML    4to. 
Xhtb  Cimetiin  for  Dee.  1885  ami  Ju.  1886b    8teu 
rinto^r  rk  for  Dec.  1895  and  Jan.  1896.    Sto. 

I>nin>  Vol   III   W  4      8to.     188& 

gdaar  ^  Jan.  1888.    Svow 

finfaJ!  .) An.  1886.    8*0. 

TtefcaieBi  nuiii  ivi  i>-u-.  .■:^„  ...J  Jaa.  1896.    8to. 
Tteaaint  for  Dw.  IdSS  and  Ju.  IM96.    fol. 
'nnrfeal  AnioaltarfM  for  Dm.  1895  and  Jau.  1896.    Stn. 
Waric  ftr  I^  1805  and  Jan.  lft>C.    6to. 
ZeoeliiUal  for  Doe.  1895  ud  Jan.  1836.    4to. 
AnJlAe. «''.  G,  (li»  vteUor)— Beading*  in  Hnnce.    8ro.    1893. 

M**itw  Itk*  £tff(nr)— Engineering  Beriew,  Vol.  I.  Noa,  1-8,8-10; 
"ol.  in.  Noa.  1-5.    8»«>.     1893-95. 
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Florence  BiUioteea  Ncakmale  Gmiiraltf— Bolletino,  Nob.  238-241.    8vo.    1895. 

Franklin  /nrfitute— Journal,  Nos.  840,  841.     8vo.     1895. 

Geographical  Society,  iioi/ai--6eographioal  Journal  for  Dec.  1895  and  Jan.  1896. 

8vo. 
Horticultural  Society,  Royal — Report  of  Ck>uncil  for  1895-96.    8to. 

Arrangements  for  1896.    8vo. 
Imperial  Institute — Imperial  Institute  Journal  for  Dec  1895  and  Jan.  1896. 
Iron  and  Steel  /rwtrtttt*— Journal,  Vol.  XLVIII.  1895,  No.  2.    8vo. 
Johnt  Eopkitu  Vniver$Uy — University  Studies:  Thirteenth  Series,  Nob.  U,  12. 

8vo.     1895. 
American  Chemical  Journal,  Vol.  XVII.  No.  10 ;   Vol.  XVIIL  No.  1.    8to, 

1895. 
American  Journal  of  Philology,  Vol.  XVI.  No.  3.    8to.    1895. 
University  Circular,  No.  122.    4to.     1895. 
Idnnean  Society— Jonmai,  No.  214.    8vo.     1895. 
London  County  Council  Technical  Education  Board — London  Technical  Ednoa- 

tion  Gazette  for  Dec.  1895  and  Jan.  1896.    8vo.     1895. 
Manehetter  Geological  Society — Transactions,  Vol.  XXIV.  Part  1.     8vo.     1895. 
Meteorological  Society,  Roynl — Quarterly  Journal,  No.  96.    8vo.     1895. 

Meteorological  Record,  Nob.  57,  58.    8vo.    1895. 
MiddJeiex  Z/o«pi'(a7— Reports  for  1894.    8vo.     1895. 
Munich,  Bavarian  Academy  of  Science*,  Royal — Sitzungsberichte,  1892,  Heft  3; 

18d3,  Heftl.    8vo.    1893. 
New  York  Academy  of  <8<»enoM— Transactions,  Vol.  XIV.     8vo.     1894-95. 
New  Zealand,  the  Agent-General  for— Fioti-la,nd  (New  Zealand).   By  G.  M.  Rosa. 

fol.    1895. 
New  Zealand,  Registrar-General  for— The  New  Zealand  Official  Tear-Book,  1895. 

8vo.     1895. 
Norman,  J.  H.  Esq.  (the  Author)— The  World's  Two  Metal  and  Four  other 

Currency  Intermediates.    8vo.     1895. 
Nova  Scotian  Institute  of  Science — Proceedings  and  Transactions,  VoL  VIII. 

Part  4.    8vo.     1895. 
Odontdogieal  Society  of  Great  .Britotn— Transactions,  VoL  XXVIIL  No.  2.    8va 

1895. 
Onnes,   Professor   H.   Kamerlingh — Communication    from    the   Laboratory   of 

Physics  at  the  University  of  Leiden,  Nos.  6, 16, 18,  22.    8vo.    1893-95. 
Payne,  W.  W.  {the  Editor j—Aatronomj  and  Astro-Physios  for  Feb.-March,  1894. 

8vo. 
Pascoe,  C.  E.  Esq.  (the  Editor)— London  of  To-Day's  Calendar  for  Dec.  1895. 

8vo. 
Pharmeuxutioal  Journal  {the  Editor) — The  Discovery  of  Oxygen.    8vo.    1895. 

(Pharmaceutical  Journal  Reprint.) 
Pharmaceutical  Society  of  Great  Britain — Calendar  for  1896.    8vo. 

Journal  for  Dea  1895  and  Jan.  1896.    8vo. 
Philadelphia,  Academy  of  Natural  Sciences — Proceedings,  1895,  Part  2.    8vo. 
Photographic  Society,  Royal — The  Photogmpbic  Journal,  Nov.    8vo.     1895. 
Physical  Society  o/ London— Proceedings,  Vol.  XUI.  Part  13;  VoL  XIV.  Part  1. 

8vo.     1895-96. 
Bichter,  Prof.  Max.  Chnefalsdi,  Ph.D. — Orsoo-Phoenician  Architecture  in  Cyprus, 

-with  special  reference  to  the  origin  and  development  of  the  Ionic  Volute. 

1895. 
Eoeheehouari,  Sodeti  des  Amis  des  Sciences  et  Arts  de — Bulletin,  Tome  V.  Nos.  1, 2. 

8vo.     1895. 
Rodiester  Academy  of  Science — Proceedings,  Vol.  II.  Parts  3.  4.    8vo.     1894-95. 
Rome,  Afinistry  of  Public  Works — Giomale  del  Genio  Civile,  1895,  Faso.  80-11". 

And  Designi.    fol. 
Royal  Irish  Afocfemy— Prooerdings.  Third  Series,  Vol.  III.  No.  4.    8vo.     1895. 
Transactions,  Vol.  XXX.  P.irts  15-17.    4to.     1895. 
Liot  nf  yh  mh.  rv.  1  SO.5     Svo 
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g  of  7>>n<4>fi— Pliil<»n|>hical  TmaMtctions.  Vol.  CLXXXVL  A,  Part  2 
■^??lfc.l61-l»r::   n.  P.4rl2,  Xo5.  12U-132.     4t.).     1895. 

ym«iling«.  8vn.     IS1);>. 
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WEEKLY  EVENING  MEETING, 
Friday,  Febrnary  7,  1896. 

Baul  Woodd  Smitb,  Esq.  F.B.A.8.  F.S.A.  Yice-Preradent, 
in  the  Chair. 

The  Hon.  John  Collibb. 

Portrait  Painting  in  its  Historical  Aspects. 

(AbBtract.) 

Thi  lecturer  began  with  the  consideration  of  portraitore  in  classical 
times. 

Although  no  direct  evidence  was  obtainable  until  the  late  and 
altogether  debased  portraits  found  in  the  Fayoum,  yet  from  indirect 
evidence  we  might  gather  that  portraiture  amongst  the  Greeks  and 
Romans  was  a  very  dignified  and  charming  art,  probably  a  little 
tame  and  lacking  in  character,  but  at  its  best  more  full  of  beauty 
than  it  has  ever  been  since. 

The  likenesses  of  the  dead  found  in  the  Grssco-Koman  cemetery 
of  the  Fayoum  were  then  discussed.  It  was  pointed  out  how 
strangely  they  resembled  the  art  of  another  very  debased  period — tiie 
early  Victorian. 

Portraiture  was  then  shown  to  have  sunk  under  the  burden  of  an 
increasing  formalism,  until  in  the  early  middle  ages  it  had  practically 
ceased  to  exist. 

It  first  reappeared  when  Italian  painting  was  brought  back  to  life 
by  the  genius  of  Giotto.  Beference  was  made  to  his  great  fresco  of 
Paradise,  in  the  lower  portion  of  which  is  a  likeness  of  Dante 
walking  in  procession  with  his  fellow  citizens. 

The  next  decided  advance  was  ascribed  to  Masscoio,  the  forerunner 
of  the  great  fifteenth  century  masters,  who  were  all  in  the  habit  of 
introducing  portraits  of  their  friends  into  their  subject  pictures. 

But  the  modem  practice  of  having  separate  portraits  of  individuals, 
was  shown  to  have  sprung  up  with  the  great  painters  of  the  Benais- 
sauoo — who  also  were  the  first  to  utilise  the  full  resources  of  light 
and  shade,  by  which  the  vigour  of  portraiture  was  so  much  enhanced. 
It  also  owed  a  great  deal  to  the  introduction  of  oil  painting  and  the 
oousvquent  spread  of  easel  pictures. 

After  alluding  to  the  art  of  Leonardo  and  of  Baphael,  the  lecturer 
referred  to  Titiau  as  the  great  portrait  painter  of  the  Benaissance. 
He  oousiderod  that  Titian  was,  on  the  whole,  the  greatest  painter  who 
had  over  lived,  but  not  quite  the  greatest  portrait  painter.  Both 
Itombrandt  and  VclaBquoi  gave  more  vitality  to  their  likenesses,  but 
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ia  the  rendering  of  fanman  bMotj  and  diguit/  Titinti  •iir^tMiuwl 
them  both. 
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who,  with  Gainsboroagh  and  Somney,  established  for  the  first  time  a 
purely  English  school  of  portraiture.  The  different  characteri8ti(» 
of  these  three  men  of  genins  were  then  discnssed. 

They  were  all  three  pre-eminently  successfnl  with  women.  In 
their  hands,  for  the  first  time  since  the  classical  epoch,  had  female 
portraitnre  completely  freed  itself  from  the  tyranny  of  stiff  clothe 
and  stiff  attitudes.  Fur  female  charm  and  grace  tlieir  works  were 
quite  unrivalled.  The  male  portraits  were  pronoimced  less  satisfac- 
tory. There  was  an  imperfect  rendering  of  form  and  a  general  lack 
of  vigorous  drawing.  The  hands  especially  were  very  poor.  These 
three  painters  were  all  very  prolific,  and  although  their  finest  works 
were  in  many  ways  admirable,  their  average  productions  were  very  ' 
slight  and  very  much  scamped. 

The  lecturer  summed  up  his  complaint  against  these  men  of  genius 
by  saying  that  they  allowed  their  feeling  for  grace  and  charm  to 
overcome  their  love  of  truth.  There  was  a  great  lack  of  sincerity  in 
these  conrtly  painters,  and  for  the  highest  form  of  portrait  painting 
sincerity  was  absolutely  essential. 

This  was  the  last  of  the  great  epochs  of  portrait  painting — Sir 
Thomas  Lawrence,  a  man  of  great  ability  but  of  false  ideals,  started 
a  decadence  that  reached  its  lowest  depths  in  the  early  Victorian 
era.  The  lecturer  preferred  not  to  discuss  the  burning  subject  of 
modem  painting.  Ho  merely  remarked  on  the  excessive  love  of 
novelty  and  of  eccentricity  that  characterised  it.  He  ended  up  by 
maintaining,  in  the  teeth  of  modem  art  theories,  that  it  was  better  for 
a  portrait  to  resemble  the  person  it  was  meant  for,  or  that  if  this 
was  too  much  to  expect,  that  it  shonld  at  least  resemble  a  human 
being. 

[J.  C] 
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WEEKLY  EVEXING   MEETING, 
Friday,  Fobritary  14,  1896. 

&i  Jambs  Cexohtox-Bkowrb,  ]\LD.  LL  J).  F.R.S.  Troasorer  and 
Vioe-Preeiilont,  in  the  Chair. 

J.  J.  AsiosTiAO,  Esq.  Momber  of  tho  Hoyol  Commissioa  on 
Tweed  aud  Sulway  Fisheries. 

Fith  Culture. 

>  hardly  for  a  moment  dwell  upon  the  importance  of  the  subject 
wbidi  I  am  about  to  address  you  this  evouing.  Fish  cnlturo 
»de  very  rapid  strides  daring  the  last  few  years,  and  its  progress 
■■d  wneinmt  have  given  those  who  are  engaged  in  it  opportunities  of 
tManuog  mach  more  intimately  acquainted  with  some  of  its  adran- 
ligMf  and  also  with  the  proper  use  of  the  great  motive  power  which 
Im  Hrrn  placed  in  the  hands  of  man  by  an  all-wise  Creator. 

Ii  a  knowledge  of  fish  culture  seems  to  have  been  lost  for  ' 
a  1'  J,  yet  there  is  every  eTidenco  that  it  was  well  known  to 

tl(.  ,.i  .  .  !iU.  Tho  Chinese  at  the  present  day  are  well  acquainted 
frith  r.-ii  cnltnre,  and  have  been  eo  from  time  immemorial.  They 
have  enrioQA  mt'thods  of  placing  bundles  of  sticks  and  mats  in  the 
rivna,  on  which  tho  finb  deptwit  their  ova,  which  afterwards  become 
a  marketable  commudity.  There  is  no  doubt  whatever  that  fish 
calture  was  well  known  to  the  ancient  Greeks,  and  Romans  also,  but, 
u  their  knowledge  has  not  been  handed  down  to  the  present  time,  it 
niisfat  as  well,  so  far  as  we  are  concerned,  have  never  existed.  It  is 
niA  of  Lncullus,  that  at  Tusciilnm  ho  caused  canals  to  be  dug  between 
hii  fiflb  ponds  aud  the  sea,  so  that  when  the  fii>h  cume  u])  from  the  sea 
to  deposit  their  egga  in  the  fresh  water,  he  was  cunbltid  to  intercept 
Hian  by  placing  gratings  in  these  canals,  and  while  their  posterity 
wera  glowing  the  finh  themselves  furnished  the  market.  TLat  fish 
were  held  in  high  esteem  in  the  olden  time  is  very  evident.  They 
were  jmtroni/v<l  by  the  CtDsara.  Angustiis  had  a  fish  engraved  on 
Ilia  agiiet  ring,  and  they  appeared  upon  coins  not  only  during  his 
time  bat  long  aflerwards,  and  the  coins  of  (troeoo  were  similarly 
■aballisbed,  Towus,  islands,  ships  aud  taverns  were  named  aftur 
then,  and  from  the  same  source  ancient  literature  is  Ruid  to  Lave 
darived  nonie  of  its  prettiest  similes,  myths  and  fables.  'J'hey  were 
alao  Mcriticed  to  tho  various  deities.  But,  notwithstanding  this,  the 
aneieata  seem  to  have  set  far  greater  store  u[)ou  fish  as  articles  of 
food  in  most  caaCKt.  tban  as  objects  of  worship.  "  We  remember  the 
lib  which  we  did  eat  in  Egypt,"  was  the  cry  of  the  Israelites  aft- 
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the  ExodoB,  from   which   one  would  infer   that   they  might  have 
prefetTod  fisb  to  freedom. 

Coming  down  to  later  times,  fish  cnltnre,  or  rather  the  Becret  of 
fertilising  ova  by  artificial  means,  was  discovered  by  a  German 
naturalist,  Count  Von  Oolstoin,  abont  the  year  1758.  It  also  becamo 
known  to  another  German  naturalist,  one  Jacobi,  a  short  time  after- 
wards, about  the  year  1761,  and  strange  to  say  he  not  only  succeeded 
in  fertilising  eggs,  bat  he  fertilised  the  eggs  which  be  took  from  a 
dead  fish.  However,  notwithstanding  this,  no  practical  use  seems  to 
have  been  made  of  the  knowledge  which  was  obtained  till  nearly  a 
century  afterwards,  down  so  lately  as  the  year  1841,  when  it  fell  to 
the  lot  of  two  French  peasants  to  discover  the  fact  that  trout  ova 
could  be  fertilised  artificially,  and  that  they  could  be  hatched.  These 
men  could  never  have  heard  of  the  sdentists  who  were  acquaint^id  with 
the  scientific  experiment  which  had  been  discovered  so  long  before, 
but  they  found  from  studying  the  habits  of  the  fish  in  their  native 
streams  that  the  eggs  were  deposited  in  the  gravel ;  and,  following 
out  nature's  plan,  tLoso  men  collected  a  quantity  of  gravel  from  the 
stream  bottom  and  fertilised  the  cgg(>,  and  placed  them  among  gravel, 
and  placed  this  in  a  perforated  tin  or  zinc  vessel,  something  in  shape 
like  a  cheese,  and  put  this  at  the  bottom  of  the  stroam  whore  the 
current  would  percolate  throngh  the  holes  and  so  keep  up  a  continual 
supply  of  water.  In  due  course  of  time  the  eggs  hatched.  But  for  a 
long  time  tho  thing  went  no  further.  People  supposed  that  the 
gravelly  bed  of  the  stream  was  on  absolute  necessity  for  the  hatching 
of  the  ova  of  trout.  At  last,  however,  the  matter  was  taken  up  by 
the  Sociute  d'Aoelimatation  do  Paris,  and  Professor  Coste  conceived 
the  idea  that  c^gs  could  not  only  be  fertilised,  but  could  be  incubated 
and  hatclied,  and  the  little  finh  reared  to  maturity,  apart  from  the 
natural  streams,  and  he  proved  his  assertion  by  hatching  some  salmon 
in  a  tub.  He  got  a  large  tub  and  in  it  ho  placed  a  number  of  boxes 
in  such  a  position  that  the  water  flowed  from  one  to  the  other  round 
the  tub.  In  these  boxes  be  placed  his  ova,  and  in  due  course  of  time 
they  hatched  and  produced  fish.  This  was  about  the  year  1850. 
Then  I  come  down  to  a  later  time  in  the  liistory  of  fish  culture,  and 
one  which  I  cannot  bat  remember  with  feelings  partly  of  regret  at 
the  fact  that  the  operator  is  no  longer  with  us.  I  refer  to  the  late 
lamented  Frank  Buckland,  who  some  thirty-three  years  ago  stood 
upon  tbe  platform  which  I  have  tho  honour  to  occupy  to-night. 
Buckland  said  of  fish  culture  that  it  promised  "to  be  eventually 
tho  origin  of  increase  of  revenue  to  private  individuals,  a  source  fl 
of  national  wealth,  and  certainly  a  great  boon  to  the  public  in  ' 
general."  This  was  thirty  years  ago,  and  how  do  we  stand  to-day  ? 
The  first  part  of  that  prophecy  has  been  amply  fulfilled,  and  tho  last 
part  of  it  has  been  and  is  being  fulfilled  in  many  placos.  Tho  third 
part  of  it,  which  cornea  in  the  middle,  is  to  be  fulfilled  as  soon  as 
Govertitnent  will  take  the  matter  up,  for  that  alone  can  make  the 
subject  become  a  source  of  national  wealth.    In  Germany,  fish  culture 
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to  admit  that  they  had  a  larger  percentage  of  mortality  in  their 
metal  baskets  or  trays  than  they  had  when  they  used  glass  grilles. 
They  said  "  we  have  discarded  glass  grilles  long  ago.  They  are  too 
expensive";  and  they  made  use  of  other  excuses.  But,  however, 
we  find  in  practice  that  we  can  get  far  better  results  from  these 
glass  grilles,  because,  as  I  have  said,  there  is  nothing  to  contaminate 
the  ova  or  do  them  any  injury.  The  trout  eggs  absorb  any  metallic 
matter  which  may  be  in  the  water,  and  become  so  saturated  with  it 
in  course  of  time  as  to  be  very  seriously  injured.  They  may  not  be 
absolutely  killed  at  the  time,  but  it  has  been  found  that,  although 
there  is  only  a  slightly  increased  mortality  in  hatching  upon  the  metol, 
there  is  a  greater  mortality  amongst  the  fish  afterwards.  They  do 
not  live  to  grow  up  in  the  same  way  as  they  do  when  they  are  hatched 
on  the  glass.  I  have  here  certain  little  implements  which  are  used  in 
the  hatchery  for  working  amongst  the  ova  and  the  little  fish.  There 
is  a  dipping  tube  which  is  used  for  picking  up  a  fish  for  exami- 
nation in  the  hatching  boxes.  These  are  some  young  trout  which 
I  have  in  here,  and  they  are  called  "  alevins."  They  are  easily  picked 
np  in  these  tubes,  which  are  of  different  shapes.  For  all  these 
different  appliances,  and  a  great  many  others,  we  require  a  house  of 
considerable  dimensions  in  which  to  put  them.  I  will  show  you  now 
a  view  in  one  of  my  hatcheries  (Fig.  1). 

First  of  all  the  water  enters  the  building,  and  flows  along  a 
distributing  tank.  There  are  two  of  these  tanks,  one  containing 
spring  water  and  the  other  containing  river  water.  The  spring  water 
we  find  very  much  the  best  of  the  two  for  incubation,  and  the  river 
water  much  the  best  for  growing  the  fish,  so  that  we  can  turn  on 
which  we  like,  to  suit  circumstances  as  the  process  goes  on.  There 
are  pipes  by  which  the  water  is  conducted  to  the  hatching  boxes. 
The  hatching  boxes  are  covered  with  lids  in  order  to  keep  the  fish  in 
the  dark.  In  the  natural  stream  the  eggs  are  buried  in  the  gravel, 
and  we  find  that  light  is  decidedly  injurious  to 
the  little  embryo  trout  after  they  hatch ;  so  we 
keep  them  in  the  dark. 

These  are  fish-carriers  used  for  sending  away 
the  fish  after  they  have  grown  (Fig.  2).  We 
put  ice  in  the  upper,  aud  the  fish  in  the  lower 
part,  and  there  is  a  screen  of  perforated  zinc 
which  prevents  the  ice  tumbling  in,  and  as  it 
melts  it  drips  down  and  keeps  the  water  cooL 

There  is  another  view  in  another  hatchery, 
where  we  have  a  tank  which  is  used  for  spawn- 
ing purposes,  the  fish  being  thrown  in  after 
FiQ.  2.  they  are  spawned,  the  spawning  operations  be- 

ing conducted  alongside.  I  am  very  sorry  that 
they  were  not  going  on  at  the  time  that  the  photograph  was  taken. 
But  the  fish,  after  having  the  ova  stripped  from  them,  are  put  into  the 
tank  for  a  short  time  until  they  can  bo  taken  away. 
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la  the  tank  aie  the  bowlc  or  Hiiihf  mUA  aiv  awd  ia  fafcrag  ike 
ova.  Tbe  egga  are  n.i]iiiiii1  iato  IbeBo  dtafaes.  The  milt  is  cx- 
fioKd  npon  them,  and  the  tvo  miwgiri  togeihex,  and  afker  a  vhOe 
thtff  are  waahed,  and  the  egga  laid  doan  ia  the  hatching  bosea.  Ia 
miae  to  hare  parity  of  water — I  do  not  meao  cfaeaical  poritj,  bat 
ftwdoai  fron  wmtter  held  in  wiajwaioa — we  have  to  aae  a  ^vteai  at 
fttntko,  aad  one  of  the  first  prucAaata  is  to  filter  the  wst«r  ■«  it 
eomaa  firaa  the  atrDam  itcelf,  aod  fur  a  long  tiiae  w«  had  a  gnat  deal 
af  ttDoble  ia  doing  this,  brqwae  the  eeraeaa  whidi  wa  aae  ehoke  vp 
aad  tvqoire  a  great  deal  ot  attantiaa,  and  soiBettaea  caiiiLi  diaaater 
by  baiag  oreriooked.  We  have  now  goi  a  •gfaten  whidi  vorin  tur  a 
whda  aeaam  withoat  th«  alightaat  ateatioa.  Onee  pat  h  in  order, 
h  Mgolatea  itaelll  If  «e  iaagine  this  model  to  mffaaeat  the  bed  of 
fteaknaB — the  dieat  of  perflated  ztDohere,  and  fee  aliiaia  floaring 
dnoqrii  thia  box — j<m  can  see  thai  the  water  paawiig  fhroa^  kavea 
Hhiiia  oo  tbe  xioe  aoythiog  in  the  i^pe  of  leavea  and  «BaIl  pieoea  of 
itick  and  either  laatten  wiueh  are  fii«ting  in  iL  We  ftand  that  hgr 
■etting  this  at  a  certain  angle  if  we  had  twice  a«  aiadi  water  flowiag 
over  it  a«  we  had  g«u>K  thrM^  the  txoe  it  never  ttopped;  and 
an,  applying  thia  principle,  we  are  able  now  to  ran  the  wnole  jear 
t^oai^  arithont  the  aligbteat  troeble.  Tbe  water  paaaea  thnwgh  the 
line  into  the  box,  and  rana>*ii  ont  at  the  bule  at  the  and,  aad  is  drawn 
off  to  snpplj  tbe  hatefaety. 

Tbsrs  is  a  tank  booM  or  phes  wlteie  the  water  ii  CUeied.  Here 
we  have  same  eoocrete  tanks  m  wbidi  the  water  is  aUo««d  to  settle. 
They  are  settling  tanks  in  fart  After  aettUng.  the  water  flows  from 
thoM  tanks  into  a  filter  box,  which  is  fall  of  wooden  acxeeaa  oorered 
with  flaaad  throogh  which  the  water  paans.  Thia  takea  away  any 
— *H*T»  whidi  nay  still  remain,  and  the  water  oomee  oat  peclectly 
pore,  r**-^-^  on  into  the  hatchery. 

Having  god  the  hatchery  in  order,  we  hare  to  take  the  eggs  from 
the  fiah,  and  this  is  done  first  of  all  by  netting  them,  and  then  sorting 
the  diflbront  kinds  into  different  ressela,  and  taking  them  when  tbcy 
aiB  rtpe;  that  is,  when  they  are  ready  to  yield  their  ova,  and  fay 
■BBtla  preanue  the  eggs  are  qaite  easily  Btrippe<l  from  than.  In 
Amntifla  this  is  dooe  with  large  fish,  where  a  great  many  have  to  be 
duns,  by  patting  them  into  a  wooden  box  by  which  the  head  is  locked 
OS  that  it  cannot  move,  and  the  eggs  are  taken  from  it.  In  this  way 
a  lar;^  namber  of  fish,  like  salmtm,  can  be  manipulated  in  a  very 
•hart  tine.  Uero  wo  have  a  sort  of  spawning  tob.  Tbe  fish  hare 
been  takea  frum  a  stoie  pond,  and  are  now  in  the  net.  Here  arc 
tha  tabs  aad  tsceplniilsa  into  which  they  are  abont  to  be  put  and  then 
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Aw^htT  paotogiBph  will  show  the  next  prooeaa :  a  lot  of  fish  being 
liken  and  pat  intn  tabs.  There  are  the  spawning  tabs  all  ready,  and 
Uta  tpawniag  iJkblo  used  In  Ibis  opcialinti  is  also  shown.  The  egga 
motrnni  dovm  to  the  hstciheriee and  laid  dowu  in  the  batching  boxes. 
Tbei*  thi7  leoinin  for  a  |tcriod  of  something  like  three  months,  the 
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inonbation  going  on  meanwhile  ;  and  I  do  not  know  that  there  is  a 
much  more  interesting  sight  than  to  watch  the  development  of  the 
embryos.  First  of  all,  a  short  time  after  laying  the  eggs  down,  we  find 
the  process  of  segmentation  sotting  in.  There  is  £rst  a  cell,  and  then 
a  division  into  two,  then  into  four,  then  into  eight,  and  sixteen,  and  so 
on ;  and  bo  the  process  goes  on  till  at  last  we  can  detect  the  chorda 
dorsalis,  or  notochord ;  and  at  last  wo  see  two  little  black  specks 
which  are  the  ejes  of  tlie  fish,  and  when  we  eee  this  we  know  that  the 
eggs  are  almost  in  a  state  to  hear  packing  fi>r  New  Zealand  or 
Anstralia.  We  have  sent  a  great  many  eggs  out  to  New  Zealand  and 
Australia,  and  a  great  deal  of  troublo  was  occasioned  in  the  early 
days  of  fish  culture  by  not  knowing  the  exact  time  at  which  to  pack 
them.  We  have  found  that  very  bohd  after  the  eye-spots  apjKiar  there 
is  a  percoptiblo  motion  (if  the  tail  of  the  iisb,  and  also  the  tintt  appear- 
ance of  red  blood.  When  we  see  that,  wo  know  that  the  eggs  are  fit 
to  be  packed,  and  they  travel  beantifully  on  the  long  voyage  to  the 
Antipodes.  Here  we  have  the  tubs  and  the  tiperator,  and  the  fish 
ready  to  spawn.  In  dno  course  of  time  tlie  eggs  hatch.  The  little 
fish  docs  not  look  very  ranch  like  a  fish  at  first.  They  are  very 
lively  and  very  interesting  creatures.  Sumo  of  the  bottles  contain 
ova  of  trout.  One  bottle  has  the  ova  of  salmon  in  it.  The  salmon 
eggs  are  marked,  and  the  trout  o;:g8  are  not,  so  Uiat  the  mark  on  the 
bottle  shows  which  sort  it  is.  There  are  the  little  fish  in  what  we  call 
the  alevin  stage,  with  the  umbilical  sac  attftchcd  (Fig-  4),     Through 
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a  microscope  you  get  a  most  interesting  sight  by  looking  at  these  little 
fellows.  You  can  sec  the  circulation  of  tlie  blood,  and  the  sight  is  an 
exceedingly  interesting  one.  Very  naturally,  delicate  little  things 
like  these  require  a  great  deal  of  care.  Notwithstanding,  wo  have 
worked  the  thing  to  such  a  point  now  that  we  have  very  little  trouble 
witli  them  during  this  stage  of  their  existence,  if  the  hatchery  appara- 
tus he  kept  clean.  The  little  pectoral  fins  are  continually  moving, 
and  cause  currents  of  water  which  are  passing  through  tho  gills,  so 
that  tho  little  fish  get  a  supply  of  oxygen.     If  we  keep  tho  boxes  free 
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from  Bodiment  and  pollation,  we  find  th&t  we  have  no  troublo  with 
Um  fish  in  tbis  stage.  A  little  later  on,  however,  the  fish-ciiltnrist'S| 
troaUiM  btigtu.  The  fish  begin  to  feed.  The  umbilical  sac  is  abnosl' 
•baotbed,  »ud  we  find  tho  fish  risiog  in  the  water.  Hitherto  tbey 
have  mnaiiied  pretty  ninch  on  the  bottom,  bat  now  wc  fiud  them 
rising  in  the  water,  heading  tho  current,  and  to  all  iiitcuta  and  pur- 
puwii  L.M>king  out  for  food,  ^honing  tbat  they  are  haugry.  When  we 
MO  this  we  have  to  begin  to  feed  tliem.  Naturally  tliey  have  very 
liUle  months,  and  the  difficulty  is  to  find  food  wbich  is  sufficieutly 
maail  fur  tlto  little  fish  to  swallow.  We  havo  managed  to  get  a 
good  many  sulietanccs  in  tho  shape  of  artiticial  food  upon  which 
tbej  can  be  fed,  bat  we  find  that  if  we  go  to  nature  and  take  a  leaf 
bom  Lor  book  we  can  get  very  much  better  food  in  the  shape  of 
•Btomostroca,  which  can  be  gron-n  in  very  large  numbers,  and  upon 
which  the  fiah  thrive  very  much  better  than  they  do  on  tho  artificial 
food*. 

It  is  very  natural  that  with  snch  delicate  beings  there  should 
b*  grtsat  losac<s  wben  left  to  natiu'o,  and  here  is  ouo  of  tlie  great 
advoDlagee  of  fish  culture.  We  can  save  95  per  cenL  of  tho  eggs 
laid  down,  whereas  if  left  to  nature  probably  not  more  than  25  per  I 
oont.  would  ever  hatch.  Frank  fiuckland  estimated  that  uno  egg,  or 
"not  one  egg,"  I  think  he  Baid,  in  every  thousand  proilueod  a  mature 
ftah,  and  I  du  not  think  that  he  was  far  off  the  murk  ;  su  that  we 
HO  that  thoto  is  an  enormous  loss  continually  taking  place  iu  our 
rivers  and  streams.  It  is  called  a  -'  loss,"  but  I  would  rather  say 
that  those  little  fish  are  disposed  of  by  natural  means.  There  is 
no  real  loss.  We  do  not  recognise  such  a  thing  as  "  loss "  in 
aatOM.  The  fish  are  disposed  of  by  natural  means.  Nature  has 
•maged  bo  that  the  enormous  numbers  of  eggs  which  are  deposited 
■hoald  not  batch.  We  can  see  that  if  they  hatche<l  the  result  would 
ba  tbat  there  would  bo  for  more  fish  in  tlio  rivers  than  tho  rivers 
eoald  poosibly  contain,  and  therefore  there  is  this  great  destruction 
of  the  ova  of  the  fish  in  their  early  stages;  whereas,  by  artificial  fish 
tnJlure,  we  can  save  a  very  large  percentage,  so  that  by  cultivating 
the  water  and  making  it  capable  of  holding  a  largor  quantity  of  fish 
than  nature  would  allow,  a  great  deal  may  bo  done,  and  the  supply 
uf  Soil  may  be  largely  increased. 

What  happens  to  the  salmon  idea  of  which  I  have  been  speaking, 
happens  on  a  much  larger  scale  to  a  great  many  of  our  marine  fishes, 
•ail  man  has  a  power  given  him  of  counteracting  this  great  loss. 
We  have  now  some  marine  hatcheries,  and  a  very  good  work  is  being 
begun  in  tbo«e  hatcheries.  I  was  atone  at  Duubar  a  little  while  ago, 
and  taw  the  work  which  is  being  carried  on  there  by  Captain 
Dunerig.  Ho  has  a  seriea  of  boxes  for  hatching  ova,  and,  unlike 
tlw  boXM  which  I  have  here  for  hatching  ova  which  require  to  be 
kapl  pvfeetly  still,  these  pelagic  ova,  accustomed  to  the  motion  of 
ft*  wftToa,  would  not  do  when  they  were  kept  in  boxes  iu  a  state  of 
fsieaomoe,  and  therefore  by  means  of  machinery  tho  boxes  arc  made 
hi  moT«  np  and  down,  and  tho  eggs  ore  const 
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agitntcJ,  and  jou  get  a  motion  which  is  very  akin  to  tine  motion 
produced  by  the  wavos  of  the  sea,  and  the  results  liave  been  found 
perfect.  Biaforo  this  was  obtained  a  great  many  difficulties  wero 
in  tho.way.  The  eggs  refused  to  live,  and  tboy  got  matted  together, 
and  the  modes  that  were  used  were  to  a  certain  extent  unEiiccossful. 
Captain  Daunevig  has  got  over  the  difficulty  ;  and  so  I  believe  every 
difRcnlty  that  we  have  t<»  contend  with  in  fish  culture  may  bo  got 
over  if  we  only  persevere  and  strive  to  overcome  thoso  hindrances. 

The  way  in  which  the  loss  may  bo  counteracted  with  regard  to 
our  frcsh-watcr  fishes  is  evidently  by  taking  care  of  the  eggs.  It  is 
amongst  the  ova  and  the  fish  in  its  embryonic  stage  that  the  great 
loHH  occurs,  as  I  have  said ;  so,  by  making  artificial  ova  beds  and 
laying  the  eggs  down  in  thorn  in  places  where  the  enemies  of  the  fish 
cannot  get  in,  the  eggs  can  rest  there  in  perfect  peace,  and  can  be 
allowed  to  hatch.  The  little  fish  after  they  come  out  can  be  cared 
for  and  prott'cted  from  their  enemies  until  tliey  have  grown  to  such 
a  size  that  tiioy  can  care  for  themBelvcs;  and  it  is  astoninhiug  to 
see  how  soon  nature  teaches  them  to  do  thiis:,  aud  how  soon  they  get 
into  the  way  of  finding  out  shallows,  and  finding  out  eddiop,  and 
getting  behind  stones  and  tmdcr  cover,  and  keeping  away  from  their 
chief  enemies,  which,  1  am  sorry  to  say,  arc  often  their  own  parents, 
or,  anyhow,  fish  of  their  own  epecies. 

These  ova  beds  are  constructed  just  on  tlie  same  principle  that 
the  hatching  boxes  are  couBtiucted  in  the  hatchery,  with  this  differ- 
ence, that  the  eggs  are  hatched  among  gravel  instead  of  glaps.  We 
place  some  pf  rforuted  zinc  a  little  way  from  the  bottom  of  the  box, 
and  on  that  some  gravel,  aud  place  the  eggs  among  it.  The  water 
flowing  down  to  the  bottom  of  the  box  wells  up  through  the  gravel, 
and  BO  the  eggs  are  incubated  Bucccssfully.  In  this  way  eiiormoua 
numbers  of  ova  can  be  hatclied,  and  this  plan  has  been  already  tried 
on  some  of  our  streams,  and  has  bt^on  found  to  bo  most  suecussfttl. 
The  cost  is  very  trifling,  aud,  aliogcthor,  fish  culture  promises  in 
future  to  do  a  great  deal  for  many  of  our  riverw. 

I  have  spoken  about  the  young  fish  beginning  to  feed.  'Wheu 
they  begin  to  food  their  troubles  really  begin.  The  artificial  foods 
upon  which  they  are  fed  very  natarally  give  them  indigestion,  and 
they  suffer  from  this  and  from  a  number  of  other  complaiuts ;  aud 
the  consoquonco  is  that  wo  lose  a  great  many  of  them.  At  the  present 
time,  if  wo  succeed  in  rearing  one-half  of  the  fish  that  are  hatched, 
we  consider  that  we  are  doing  very  gi»oi.l  work.  A  little  while  ago, 
the  percentage  wais  less  than  this.  It  was  about  one-third,  or  33  per 
cent,  of  the  fish  that  wero  hatched,  and  this  was  conjsidered  very 
good  work.  I  believe  that  we  shall  very  soon  get  on  to  raise  the 
pciiientage  to  70  or  SO. 

Hove  wo  have  souie  fry  ponds  for  rearing  the  fry  (Fig.  5),  After 
the  latter  have  bcgim  to  feed,  they  are  left  in  the  hatching  boxes  a 
short  time,  just  to  get  accuftomed  to  it.  Then  thty  are  taken  out  and 
put  into  tlifcso  narrow  ponds,  and  wo  have  a  current  of  water  running 
through  the  ponds,  and  the  young   fish  thrive  there,  and  arc  fed  four 
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or  fire  times  dailj.  The  feoiling  requires  a  great  Jeal  of  skill  and 
cxporioooe,  and  it  in  thus  no  light  matter.  It  would  take  a  man  the 
whole  of  his  time  to  look  after  a  series  of  ponds  like  this,  and  to 
attond  doly  to  the  fish  in  them,  without  doing  anything  else. 

'I'his  is  another  scrjes  of  fry  ponds  on  a  piece  of  level  ground 
fFig.  6).  There  we  bnvo  them  rather  on  a  hillside,  with  a  good  full 
from  one  to  the  other,  and  we  find  the  benefit  of  that  in  growing  tlie 
rtJilHl'^  fi«h.  Some  do  very  much  better  than  thej  do  when  the  water 
P^P  nut  much  fall.  Tlie  ponds  are  very  much  of  the  samo  description 
IB  Iho  other*.  Wo  have  hero  at  each  end  a  screen  to  prevent  the 
little  fi^h  getting  out,  and  the  water  flows  in  at  one  end  and  out  at 
utothiT,  and  then  on  to  the  next  pond,  and  so  on. 

Then   the  little  fish  in  due  time  grow  to  the  size  which  we  call 

Clings.  They  are  not  really  a  year  old,  bat  it  soenis  to  bo  the 
naroo  to  give  thorn  for  distinction,  and  as  they  are  yearlings  when 
they  arc  tt.<ally  a  year  old  and  some  time  after,  it  seems  quite  fair  to 
call  O.fiw  y<.«urling8  Ixjfore  they  have  actually  lived  twelve  months. 
Tl  it  ihoy  pass  from  the  fry  stage  to  the  yearling  stage  may 

bv  -  the  time  during  the  summer  mouths,  when  the  weather 

ia  Uhj  Harm  and  the  temperature  too  high  to  send  them  very  long 
joomeys  for  stocking  rivers  and  lakes  As  soon  as  the  cold  weather 
cumcR,  at  the  end  of  August  or  September,  then  the  fish  can  travel  by 
rail  and  otherwise,  and  they  rej<jice  in  the  name  of  yearlings. 

llie  scene  here  ropresents  the  preparation  of  the  yearling  fish  for 
a  journey  (Fig.  7).  They  cannot  be  taken  out  of  the  pon<l  and  sent 
away  at  onod.  We  ha<l  great  losses  some  years  ago  in  doing  this. 
Tbo  &ah  were  put  into  the  carrying  tanks  and  sent  off,  and  wo  liad 
to  nnko  elaborate  arrangements  for  changing  the  water  during  transit, 
wtiich  baa  been  found  since  to  be  ono  of  the  very  worst  things  that 
can  Im  done,  and  now  we  never  change  the  water  except  us  a  very 
la«t  nxKiarce,  in  case  of  some  unlooked-fur  emergency.  The  fish 
ara  taken  out  nf  the  pond  and  confined  in  these  tanks  with  water 
maning  through  them  for  a  considerable  time — two  or  three  d'xye  at 
leatt— and  in  there  they  are  not  fed.  We  find  that  they  travel  very 
niMeh  better  on  empty  stomachs  than  they  do  after  a  meal,  and,  as  it 
iam  Boi  wem  to  do  th<>m  any  harm  to  starve  them  a  little,  we  do  not 
fbad  thrin  before  sending  them  away,  and  we  find  that  the  roRult  is 
nif«r<1y  «nt)«f\otory.  These  are  the  cans  which  1  dcseril^ed  before 
liir  1   in.     They  have  tbo  ice  on  the  top,  and  the  fish  in 

■■  ;  the  outcome  of  all  this  ?     We  have  cultivntod  fisli 

H^ir  irs  or  more,  and  we  have  got  to  know  a  goo<l  deal 

^Km:  aimut  tiuiiu  tlian  we  knew  at  the  beginning  of  thnt  time.     Well, 

wa  finyl  on  Iriokirig  round  that  a  great  many,  in  fact  a  largo  majority, 

of  lit-  titTfsAm»    of   this   country  are    in    tlicir  present  state   almost 

jBrtMMi.       Tkjey  will  not  Imld  trout  of  any  sizo,  and  it  is  very 

^^^^^■|idc««l  t"  g>-t  good  fiKliitig,      Little  worthless  brooks  have,  in 

RIHItof  tbojT  havn  been  dealt  with,  been  made  to  [^r(KIuce  tons  of 

lUli,  and  MDO— 4k  brnolc  whicJi  practically  wiiuld  not  produce  fish  at 
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all,  uaturallj,  and  tliu  trout  in  which  were  so  insignificant  iu  size  as 
hardly  to  bo  worth  noticing — from  a  fiRhorraan's  point  of  view  I  am 
speaking  now — was  miulc  to  produce  tons  of  fish.  One  pond  alone 
produced  several  times  over,  upwards  of  fifteen  hundredweight  of  fish. 
The  pond  was  only  ninety  feet  lung  by  thirty  feet  wide.  Of  course 
the  fisli  had  to  bo  largely  fed  on  artificial  food,  but  by  nsing  the 
artificial  foo<l  twice  a  day  the  ponda  produced  a  large  quantity. 
This  shows  what  water  may  be  made  tit  do ;  and  when  wo  hear 
about  the  over-crowding  of  finh  in  our  rivtrs  and  lakes,  it  strikes  a 
fish-cultnrist  sometimes  as  being  the  height  i>f  nhsurdity.  We  find, 
however,  in  our  streams  that  there  is  often  little  or  no  water,  and 
that  the  fish  are  run  back  into  tLo  pools  and  have  to  wait  there  a 
cniisiderablo  time  until  a  fiucxi  comes,  or  until  a  shower  comes  which 
c-.iuscs  tbo  stream  to  rise,  and  during  this  time  tbey  get  very  little 
food.  The  food  supply  in  t!to  streams,  owing  to  the  lowness  of  the 
water,  is  almost  destroyed,  and  the  animals  which  inhabit  the  streams, 
like  tbo  fisl),  siififer  very  much  from  the  lowness  of  the  water,  which 
is  cause<i  very  largely  by  tbo  surface  or  hill  drainage  which  has  been 
carried  on  for  thirty  or  forty  years  in  this  country. 

Now,  all  this  can  be  counteracted,  I  believe,  very  easily.  No 
doubt  HO  have  a  great  deal  to  learn  about  it  yet,  but  we  are  on  the 
right  tack,  and  I  think  that  after  a  while  we  shall  be  able  to  remedy 
this  state  of  things  to  a  large  extent.  Wo  find  that  from  this  state  of 
lowness  of  water  we  suddenly  drift  into  a  atiite  of  heavy  flood.  The 
rains  como  down,  and  tbo  wafer  comes  down  from  the  hills  in  heavy 
floods — far  heavier  than  came  duwn  before  the  hills  were  drained. 
These  floods  carry  everything  bolore  them,  sometimes  washing  away 
bridges,  and  doing  more  or  lees  damage  to  property.  Now  this 
water  must  be  put  under  control,  and  when  we  got  it  under  control 
wo  find  that  it  is,  indeed,  a  most  coutrollablo  thing.  Wo  find  that 
we  can  do  with  it  what  we  did  not  anticipate  but  a  few  years  ago. 
At  those  times  of  the  year  when  the  water  supply  is  naturally 
deficient,  it  must  bo  gently  increased,  and  I  ni'od  hunlly  point  out, 
that  by  caring  for  it  even  to  this  extent,  oue  of  the  natural  conse- 
quences will  be  an  increase  in  the  quantity  of  that  class  of  food 
which  is  produced  iu  the  stream  itself,  or  in  its  immediate  sur- 
roundings or  accessories.  The  fish,  too,  will  at  once  have  a  butter 
range,  and  so  will  feed  more  freely  than  thoy  do  when  confined  iu  a 
pool  where  starvation  has  become  a  necessity  on  tbo  one  hand,  and 
escape  a  practical  impossibility  on  the  other.  In  addition  to  having 
become  possessed  of  more  roomy  quarters,  the  whole  tone  of  their 
surroundings  has  become  better.  Tbo  water  in  which  thoy  live, 
and  on  which  their  very  oxiBtonce  depends,  has  become  fresher  and 
contains  more  oxygen.  The  fish  feel  and  enjoy  a  freedom  which 
before  they  were  uuacquaiutod  with ;  and,  iu  addition  to  this,  if  a 
BuflBciency  of  proper  food  be  forthcoming,  they  will  at  once  begin  to 
put  on  flesh  aud  grow  in  a  surprising  manner. 

The  water  supply  can  very  easily  be  managed  by  impounding,  and 
by  making  reservoirs  on  the  streams  so  that  compensation  water  <'an 
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be  let  off  during  dry  weather.  In  tliis  way  the  Btreams  can  be  kept 
np  to  their  proper  limita.  They  need  never  run  bo  low  as  they  havo 
men  aocnstomed  to  do.  Bat  we  find  that  by  impounding  water  the 
flooda  are  lessened,  and  therefore  that  great  scouring  process  which 
goes  on  in  the  Btreams,  destroying  both  animal  and  vegetable  life,  is  to 
•  great  extent  lessened,  and  everything  living  in  the  water  has  a  werj 
mocb  better  chance  of  existence  than  it  hod  before. 

The  desired  result  cannot  be  obtained  by  making  one  simple  dam 
upon  a  stream.  Tuke  a  nver  for  instance  :  if  we  make  a  dam,  as  has 
bam  nggeeted — and  one  or  two  places  of  the  kind  havo  been  made  up 
at  the  head  of  the  waters  of  some  streams — when  the  water  is  lot  off 
M  compensation  water  it  is  found,  in  one  case  which  I  remember, 
that  when  it  has  mn  eight  miles,  after  being  started  as  a  roaring  torrent 
from  the  reservoir  known  as  Lake  Vymvvy  in  Woles,  the  stream  is 
but  very  perceptibly  affected.  I  believe  that  it  was  raised  about  one 
bat  there  are  other  tributaries  coming  in,  and  if  there  were 
oint  on  these  other  streams,  and  we  had  compensation  water  let 
off  from  them,  wo  should  get  a  rise  of  several  inches  instead  of  only 
one  inch,  and  we  shonld  find  that  the  result  would  be  very  beneficial. 

I  remember  an  attempt  being  mado  to  bring  up  sea  fish  by  an 
artificial  spate  at  a  place  in  Scotland,  and  it  was  eminently  Bucccssful. 
The  landed  proprietor  there  blocked  up  the  outlet  from  one  of  tho 
lakes,  and  then  when  the  salmon  were  waiting  to  come  up  the  river 
be  let  off  the  water  from  this  impounded  lake,  and  the  cousequonco 
was  that  ho  got  a  good  run  of  tish.  So  successful  was  it,  and  so 
pleaaed  was  he,  itiat  he  very  soon  tried  it  again,  bnt  the  second  time 
it  wac  jnst  as  nnsnccesaful  as  the  first  time  it  had  been  successful. 
The  eouseqnonce  was  that  they  came  to  the  conclusion  that  the  fish 
had  found  before  that  they  had  been  deceived,  that  there  had  not 
b«eii  rmlly  a  spate,  that  it  had  not  been  raining  at  all ;  and  therefore 
Um  next  tinio  they  fought  shy  of  it  and  would  not  come  up.  When  I 
came  to  make  inquiry  I  could  not  find  that  there  had  been  any  fish 
VMtlillg  to  come  up ;  and  when  those  artificial  spates  arc  made  it  is 
aaoanuy  to  bo  czoeedingly  careful  to  make  them  not  only  in  thu 
right  w»y  bnt  at  the  right  time.  In  one  instance  water  wa.s  lot  ofi' 
from  •  roaerroir  very  near  the  bottom,  the  bank  being,  I  think,  soiue- 
tlting  like  eighty  or  ninety  feet  high.  TLo  water  was  let  ofi"  at  a 
loT«i  very  nt'AT  the  bottom  of  the  reservoir.  Now,  if  the  water  had 
"off  from  a  level  near  the  surfuce  it  would  have  been  very 
ire  benoBcial  to  the  fish.  The  water  low  down  in  a  reservoir 
(xmtaiua  very  much  more  matter  in  suspension,  and  it  is  of  a  very 
lU&rctit  nature   from   the  water  on  the   surface ;    and  so,  for   fish- 

uml  ]iur{ioties   wo  must  take  the  water  from  the  surface  of  the 

!,  or  as  near  it  as  possible,  and  then  we  may  exj)cet  tho  iiKli  to 
•t'prociate  it  and  follow  the  spate.  Sometimes  the  fish  do  not  want  to 
gu.  Well,  it  is  of  no  oso  to  make  a  spate  then.  If  tho  fish  do  not 
want  to  mn  yon  may  let  off  water,  and  you  n'ay  do  '*hat  you  like, 
iMrt  yon  cannot  nuike  them  go.     Rut  in  'nv  experiunce,  and  i  Imivu 
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tried  a  good  many  experiments  on  trout,  I  have  found  tbat  nothing  is 
easier  than  to  make  trout  run  when  you  got  &d  artificial  spate  at  the 
pro]>or  time  and  mode  in  the  proper  way. 

In  the  cjiso  of  sea  fish  there  are  soino  very  important  tbinps  to  be 
considered.  First  of  all  we  have  the  soa  to  ciHitoud  with.  I'ho  fish 
are  coming  up  from  the  sea.  Now  we  find  that  the  auadromous  or 
sea-goiug  fish  run  on  Hood  tides,  and  we  know  that  they  enter  the 
river  usually  a  little  before  high  water,  so  tliat  to  let  in  the  spate  on 
an  ebb  tide  would  bo  absolutely  useless.  Then,  again,  we  liud  that 
the  wind  has  a  great  deal  to  do  with  tiie  run  of  fish.  On  our 
west  coast,  or  on  some  of  our  west  coast  rivers,  when  we  get  a  wind 
from  the  westward  we  find,  other  things  being  equal,  that  the  fish 
will  run  very  much  better  than  with  an  east  wind.  They  will  often 
hardly  run  at  all  with  an  east  wind,  even  though  other  things  may  be 
favourable ;  so  that  the  wind  is  an  element  which  has  to  be  con- 
sidered. Barometrical  conditions  have  also  to  l>o  considered,  and  wo 
find  thiit  they  play  a  very  important  part  indeed  in  influencing  the 
movements  of  our  fishes.  Tljen  we  find,  above  all,  that,  although 
the  fish  run  upon  a  flood  tide,  on  spring  tides  they  run  very  much 
belter  tlmn  they  do  on  neap  tides,  when  tliey  often  run  very  tnrdilyj^H 
BO  that  by  taking  advantage  of  a  knowledge  of  these  facts  and  othcr^^B 
wo  can  lot  off  impounded  water  at  a  time  when  it  will  be  liktdy  to 
bring  them;  and  there  is  no  doubt  whatever  that  if  the  thing  wcro 
properly  carried  out  it  would  be  eminently  BU?co8sfnl.  As  regards 
trout,  a  very  modonite  amount  nf  water  is  sufficient  to  produce  veiy 
great  results.  I  have  seen  a  stream  utilised  which  ran  almost  dry 
in  dry  weather,  Tl)c  water  of  the  stream  has  been  made  to  produoa^M 
a  largo  quantity  of  fish,  as  I  have  just  dcscnbed.  |^| 

Hero  wo  have  such  a  stream  (Fig.  8),  but  with  a,  rocky  bod 
almost  dry.  Tlio  water  retires  into  the  pools  in  which  the  fish  live 
during  the  times  of  drought.  On  this  stream  we  have  a  dam  made  to 
run  across,  and  raising  the  water  some  three  feet  above  its  natural  level. 
Here,  where  tbc  man  is  sitting,  is  a  sluice,  and  the  water  is  allowed 
to  escape  through  this  sluice,  which  regulates  the  supply,  and  it  flows 
away  into  the  woods.  It  passca  through  a  pine  forest,  and  by 
nienus  of  this  aqueduct  goes  on.  Hero  is  another  view  of  tbe  surao 
aqueduct,  and  so  it  goes  ou  flowing  for  a  distance  of  alxuit  half  a  mile, 
the  country  tVirough  which  it  passes  being  from  many  circumstances 
unfavourable  fir  the  construction  of  ponds.  That,  however,  is  no 
great  difficulty.  It  is  simply  a  case  of  taking  the  water  a  little 
farther  ou  until  wo  get  to  a  suitable  place  for  the  construction  of  the 
ponds  in  which  the  fish  must  live.  The  spout  or  bridge  is  to  conduct 
the  surface  water  or  rain  water  over  the  aqueduct,  and  to  prevent  its 
getting  in  in  excess.  1'he  surface  water,  if  allowed  to  get  in  in  excess, 
has  a  prejudicial  oflFoct,  so  we  employ  a  large  number  of  these  little 
bridges  for  tbe  purpose  of  keeping  it  out.  Little  canals  are  dug  in 
various  difootioijs'fox  conducting  the  water  into  tfiuso  spouts.  Thii 
n  .ajid'  flows  into 
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Tlie  i»ODd  has  to  b3  oaltivatotl.  Tho  water  is  cultivated  not  only 
H  regftrda  the  fish,  bnt  as  rejC^ds  tho  vegetation  wliic-h  i8  in  it.  A 
luge  llQiuber  of  pUntti  arc  intrtHlucoil  l>oth  intti  tlio  pund  itself,  and 
•bo  iaio  sooessory  ponds ;  nud  this  is  one  of  the  most  iinportimt 
Jnawilm,  perhape,  of  modern  fisli  calture — tho  growing  of  tho  food 
^OB  wfaicu  tho  fish  live.  Into  tho  accoBSory  ponds  wo  can  introduce 
enatsm  which  multiply  enormously  under  favourable  circumslancoe ; 
wd  wr  find  that  these  creatures  can  be  let  off  in  largo  ntimbors  by 
■imply  dnwing  the  sluices  and  allotring  a  quantity  of  water  to  pass 
into  tho  fish  pond,  and  that  the  fish  then  take  thom.  A  sufficient 
qnantity  are  left  behind  to  keep  up  the  supply,  and  the  pond  is  re- 
■Uod  with  water ;  and  bo,  by  having  a  few  of  these  ponds  constructed 
««  aaa  keep  np  a  very  fair  supply  of  food  for  tho  tish.  Where  fish 
OiltDie  is  carried  on  on  a  very  extensive  scale,  it  is  necessary  to 
afplement  this  supply,  and  in  some  cases  to  supplement  it  largely, 
bj  uttficial  food ;  but,  as  applicable  to  onr  rivcrfi,  it  would  not  bo 
Doeettarj  to  do  this;  and  I  believe  that  on  any  river  if  the  uintter 
wexB  taken  np  in  earnest  it  would  be  possible  to  do  it  by  impnunding 
water  so  aa  to  counteract  the  ofTocts  of  drought  in  tho  guninior, 
and  alao  to  partially  counteract  the  etTeets  of  floods  by  ini|>ounding 
Uw  water  instead  of  letting  it  come  pell-mell  down  the  stream.  By 
growing  food  to  supply  tho  fish,  we  can  get  a  very  much  finer  and 
better  race  of  fish  than  we  can  if  the  matter  be  left  entirely  to  uiituro. 
We  find  tliat  there  are  certain  streams  which  produce  very  much 
fiah  than  others.  In  these  streams  the  fish  are  fed  upon  certain 
and  by  taking  care  of  those  creatures  and  multiplying 
we  can  produce  a  largo  amount  of  viduuble  fish  food — a  thing 
wliieb  was  never  thought  of  years  ago,  but  which  now  is  coming  to 
tbfr  fr<mt,  and  probably  before  long  the  plan  will  bo  largely  adopted. 

This  represents  such  an  accessory  pond  as  I  have  described. 
Tan  aM  a  nnmbor  of  water  plants  growing  in  the  water.  Hero  are 
tba  floatiiig  leaves  in  various  directions,  and  there  are  others  throwing 
■p  tiittr  atems  and  leaves  with  a  mass  of  vegetation  all  round.  Thii^ 
pond  prodoocs  an  cuonnuus  quantity  of  Limnca  pcregra  and  othet- 
cnatorea  upon  which  the  trout  are  fed.  All  these,  it  has  been  jirovi-d, 
ai«  eaaUy  applicable  to  trout  and  to  trout  waters.  The  plan  is  also 
i^plicable  on  a  very  large  scale  to  enlraon  rivers ;  and  how  much 
nan  important  arc  sitlmou  rivers  than  trout  streams.  How  much 
■ara  important  are  tho  salniou  us  articles  of  food  for  human  con- 
imnpttoa  tlutn  the  trout.  And  yet  the  salmon  are  being  neglected, 
and  tho  troot  are  being  cared  for.     Wo  want,  not  exactly  tho  reverse, 

^lrat  wo  want  in  have  the  solmon  careil  Tor  too  ;  and  that  is  otio  of  the 
iLingB  tliat  I  Love  been  trying  to  bring  before  tho  people  of  this 
eooatry  Utr  yearn,  and  I  think  that  I  may  say  that  already  my  efforts 
m  beJSff  czowned  with  some  kind  of  success. 

We  find  that  the  practice  of  hill  draiuiug  *m  tho  rivers  produces  a 
gMatiflur;t ;  and  what  has  been  partly,  I  tliink,  ovorlookod — forlhavo 
huard  it  alluded  to^is  that  tho  hill  drainage,  by  loascning  tbo 
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quantity  of  water  in  the  rivers,  largely  lessons  the  quantity  of  froflb 
water  which  is  ponrod  into  the  estuaries  iuto  which  the  rivers  flow 
during  times  of  dronght.  Then,  on  the  otlier  lianil,  wo  get  tho 
contrary  daring  floods,  when  an  enonnons  bulk  of  fresh  wivter  is 
poured  into  the  salt  water  in  the  sea,  and  in  a  shall  )w  esluary,  such 
as  tho  one  upon  which  1  live,  and  which  is  represented  roughly  here, 
we  find  that,  with  thtse  rivers  flowing  into  it  (tho  watershed  of  the 
firth  is  I  think  something  like  nearly  ton  times  greater  than  tho  firth 
itself,  and  tlie  firth  ia  a  very  sliallow  one)  that  tho  sitecific  gravity 
of  tho  water,  the  temperature  of  tho  water,  and  other  things,  aro 
tampered  with  to  eneh  an  extent  that  some  of  tho  fish  actually 
deserted  it  about  furty  years  ago,  which,  I  think,  would  bo  somewhero 
about  tho  time  that  the  Liill  drainage  commenced.  The  herring  is 
one  fish  tliat  has  deserted  the  firth,  and  sinco  that  time  it  has  never 
to  any  extent  eomo  into  it.  Sometimes  some  herrings  for  a  short  time 
will  como  in,  but  they  are  very  soon  out  of  it  again,  which  shows 
that  when  favourable  conditions  occasionally  occur  tlie  fish  will  come 
into  tho  water ;  wiiereas,  owing  to  this  drought  altering  the  specific 
gravity,  we  find  the  fiwh  keeping  away. 

AU  these  matters  aro  of  the  greatest  importance  with  regard  to 
the  regnlatioii  of  our  fisheries,  both  marine  and  fresh  water,  and  they 
want  luoking  into.  I  think  that,  pcrhiipsjono  of  tho  greatest  delights, 
or  tho  greatest  delight,  of  fish  culture  is  thnt  there  is  so  much  to 
be  learnt,  and  that  we  aro  always  iiudiug  out  gomething  new,  and 
that  there  is  always  a  field  to  which  wo  can  turn  f(ir  searching  out 
the  hidden  mysteries  of  nature  aud  increasing  our  knowledge,  and 
learning  moro  about  t)io  fishes  that  wo  have  been  talking  about. 

I  would  have  liked  to  say  a  little  about  tho  diseases  of  fish,  but 
I  am  afraid  that  there  is  no  time.  Wo  have  already  over  thirty  of 
those  diagnosed,  and,  what  is  more,  we  have  found  out  the  means  of 
cure  for  a  number  of  them,  and  wo  have  been  helping  fifih  culture 
very  much  in  this  way.  Many  of  tho  diseases  aro  parasitic,  and  we 
find  parasites  which  afieet  tho  fish  which  were  not  knuwn  to  fish- 
oulturists  years  ago,  One  is  a  curious  protozoan  which  gets  on  tho 
bodies  of  the  lieih,  and  has  been  known  to  kill  them  in  large  numbers. 
It  can  be  destroyed  in  a  rather  peculiar  way,  by  placing  tho  fish  in  a 
tank  with  a  current  of  water  flowing  through  it,  the  bottom  strongly 
impregnated  with  salt,  a  saturated  solution  of  salt.  The  fish  kocp  in 
the  upper  water,  which  is  fresh.  These  curious  little  protozoans  at 
certain  times  leave  tho  fish  and  go  down  to  tlie  bottom.  There  they 
divide,  and  they  are  multiplied  by  division  and  jimduce  enormous 
numbers.  These  free-swinimijig  little  creatures  gt:t  into  tho  water  and 
Bwini  about,  aud  aro  taken  up  by  tho  fish  again.  Wo  find  that  by 
having  a  saturated  solution  of  salt  at  the  bottum  of  the  water  aud  a 
current  of  fresh  over  it,  tlio  fish  live  in  tlio  fresh  water,  und  tho 
parasites,  when  they  leave  tho  fish  and  go  down  to  the  bottom,  aro  not 
able  to  reach  the  fish  again,  because  they  are  killed  at  once  by  the 
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EovAKi)  Fbakklakd,  Esq.  D.C.L.  LL.D.  For.  Soo.  R.S.  M.B.I. 
The  Pati,  Present  and  Future  Water  Supply  of  London. 


I  of  tl 

^K    oott 


n  (liRoourRo  to  the  Morahcrs  of  the  Royal  Institution  on  the  subject 

of  the  nictropolitaii  water  supply  iicarly  thirty  years  ago,  I  stated  that 

oot  uf  vrvry  thciDBand  people  existiug  upon  this  planet  at  that  niomeut 

tlinao  Htu<1  in  London ;  and,  oa  tlio  population  of  London  has  in  the 

lUtiine  doubtless  grown  at  a  more  rai)id  rate  than  that  of  the  rest 

the  wurld,  it  will  probably  be  no  exaggeration  to  say  that  now, 
out  of  every  thousand  people  ulive  on  this  earth,  four  live  iu  London ; 
atjd  thtr«furo  uuy  matter  which  iiuruediately  concerns  the  health  and 
amfort  of  this  vast  mass  of  humanity  may  well  merit  our  most 
MRteat  attttutlou.  Amongst  such  matters  that  of  the  supply,  in 
mffleient  quantity,  of  i>alatablo  and  wholo&omo  water  is  ceitainly  not 
the  least  in  importaucu. 

It  i»  not  therefore  surprising  that  this  subject  has  received  much 
kitoutinn  from  several  Royal  Commissions,  notably  from  the  Royal 
Commission  on  Water  Supply  of  18(J7,  presided  over  by  the  Duke  of 
Richmiiud  ;  the  Royal  Commission  on  the  roUutiou  of  Rivers  and 
Duuifstie  Water  Sujjply  of  Great  Britain,  presided  over  by  the  lato 
Sir  William  Dtnitiou,  of  which  I  had  the  heinonr  to  be  a  member; 
and  lanlly  the  Itoyal  Commission  Bpjwinted  in  1892  to  inquire  into 
jiply  of  the  metrojKjlis,  of  which  Lord  Balfonr  of  Burleigh 
-II,  and  of  svliich  Professor  Dewar  was  a  member, 
'ihu  iioyiil  Institution  has  also,  for  nearly  throe-quarters  of  a 
fltvtnry,  Itcen  prominently  connected  with  the  investigation  and 
iapruYcincnt  of  the  metropolitan  water  supply,  no  less  tbnu  four  of 
uar  pnjfovsurs  of  chemistry  having  boon  successively  engaged  iu  this 
work,  rix.  Professors  Brando,  Odling,  Dewar  and  myself,  wLiist  throe 
of  Ihcm  have  been  niewbi.rsof  the  Royal  Commissions  just  mentioned. 
I  may  thcref<»re  jH;rhap»  l)e  exciiseil  for  accepting  the  invitation  of  our 
■«cn-lary  to  bring  tlio  subject  under  your  notice  fur  the  third  time. 

On  the  prutiicnt  occasion,  I  propooo  to  consider  it  from  three  points 
of  view,  fiz.  the  past,  the  present  and  the  future  ;  and  for  reasons 
which  will  A]>{ifnr  hereafter,  I  shall  divide  the  past  from  the  present 

or  about  tlto  yuor  1883,  ami  will  not  go  back  further  than  the 
IS'JS,  when  Dr.  Brande,  Professor  of  Chemistry  in  the  Royal 
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Institution,  Mr.  Telford,  tho  celebrated  engineer,  and  Dr.  Boget, 
Socrotary  of  the  Royal  Society,  were  appointed  a  Boyal  Oommission 
to  inquire  into  tho  quality  and  salubrity  of  the  water  supplied  to  the 
metropolis. 

Tho  Oomroiteionors  made  careful  eiaminations  and  analyses,  and 
reported  as  follows :  "  We  are  of  opinion  that  the  present  state  of  the 
supply  of  water  to  tho  metropolis  is  susceptible  of,  and  requires 
improTomont ;  that  many  of  the  complaints  respecting  the  quality  of 
tho  water  are  well  founded  ;  and  that  it  onght  to  be  derived  from  other 
sources  than  those  now  resorted  to,  and  guarded  by  such  restrictions 
as  shall  at  all  times  ensure  its  cleanliness  and  purity."  (At  this  time 
tho  water  was  pumped  from  tho  Thames  between  London  Bridge  and 
Battorsoa).  "  To  obtain  an  effective  supply  of  clear  water,  free  from 
insects  and  all  suspended  matter,  we  have  taken  into  consideration 
various  plans  of  filtering  the  river  water  through  beds  of  sand  and 
other  materials ;  and  considering  this,  on  many  accounts,  as  a  very 
iui)M>rtaut  object,  we  are  glad  to  find  that  it  is  perfectly  possible  to 
filter  tho  whole  supply,  and  this  within  such  limits,  in  point  of 
c«pcnsL%  as  that  no  serious  objection  can  be  urged  against  the  plan 
on  that  score,  and  with  soch  rapidity  as  not  to  interfere  with  the 
rogtilarity  of  service." 

IVi^iro  the  year  1839,  therefore,  the  river  water  supplied  to 
Intndon  was  not  filtered  at  all :  bat  after  the  issoe  of  this  report,  the 
companies  set  themselves  oamostly  to  work  to  improve  the  quality  of 
tho  water  by  filtration. 

The  first  filter  on  a  working  scale  was  oonstroeted  and  broqgfal 
into  a«e  by  the  Chelaoa  Water  Gompany  in  the  year  1829.  But  even 
as  late  as  1850,  only  three  out  of  the  seven  principal  companies  filtezed 
the  riv«r  water  which  they  delivered  in  Ixmdon ;  and  it  was  not  until 
1856  that  filtration  was  made  oompnlsory  by  Act  of  Parliament: 
whilst  it  can  scarody  be  doubted  that  between  this  date  and  the  year 
1868,  when  my  obscrrataoos  on  tuibidiiy  were  first  oommenoed,  the 
operation  was  very  imperfectly  performed. 

In  the  year  18S2,  and  again  in  I S19,  London  wts  severely  visited 
by  opidomic  cholera,  and  the  agency  of  drinking  water  in  f^aeading 
the  dii)oa£«  forced  itself  upon  the  attention  of  the  observasit  portion 
of  the  medical  prc^easion.  It  was  Dr.  Snowe,  however,  w^  ia 
Angnst  1849  first  formally  enunciated  the  doctrine  that  drinking 
wat'^r,  pv^llnted  by  citoleraic  matters,  is  the  chief  agent  bj  whkii 
cholera  is  piv>pa^atod. 

K(<ceiTed  at  firft  with  incredulitr,  this  dtvtrine  was  si^parted  by 
nnmcKvns  fatts,  and  it  eoco  okused  renewed  assentjan  to  be  diitactod 
to  the  quality  ct  the  waicr  then  bedng  sspplied  to  the  xaetRijKiliB, 
wit-h  tho  remit  that  the  intak(«  of  t^  various  ooaniHaiieE  drawing 
from  rivers  wcjv.  one  afW  another,  removod  vi  positicois  altdve  ^bt 
reach  «-if  tidal  inflnonco,  the  Thames  water  bedng  withdrawn  iram  the 
rivc-r  aV've  Tcidington  L.vi.  and  the  Lea  water  at  Pander's  End, 
«K->vt  the  tidal  roaches  of  that  rivtir. 
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la  etery  visitation  of  Asiatic  cholera  to  London,  the  woter  supplj 
wucitlior  ftlt<.)getlier  unfilttrtd  or  imperfectly  filtered,  besides  being 
derived  from  highly  pollnted  parts  of  the  Thames  ond  Lea;  and  tho 
cnormonN  loss  of  life,  amonntiug  in  the  aggregate  to  nearly  thirty-eix 
tbonnaod  people,  can  only  be  attributed  to  this  cause;  for  it  has  now 
been  abundantly  proved  that  cli<dera  is.  practically,  propagated  by 
drinking  water  alone,  and  that  efficicut  filtration  is  a  perfect  safeguard 
against  its  propagation.  Moreover,  it  is  most  satisfactory  to  know 
that,  Hiucu  the  year  1854,  no  case  of  Asiatic  cholera  in  London  has 
been  tracvfd  to  tho  use  of  filtered  river  water.  The  folhiwing  table 
doarly  indicates  tho  close  connection  between  intensity  of  ]^>ollutiun 
ud  cholera  mortality : — 


CnoLKRA  EpiDinncs  ra 

IjOndon. 

— 

Oiarmcl^r  nf  W»lcr  Supply  u 
ngitnl*  kocrnnrnul  I'uilutluD. 

Efidemifl  of  1832 

Pollnted "  .. 

Very  nuii'li  polluted     .. 

I^»apolliiud 

Miioli  1.  M  ixjIIuU'iI 

5,275 
14,137 
10,7.38 

5,5il6 

311 
61-8 

42-9 
18-4 

m       tiu 

H   tci 


These  are  tho  results  arrived  at  by  the  most  general  investigation 
of  Ui«  aobject.  They  show  that  in  every  epidemic,  the  mortality 
nriM  directly  witli  ilic  intensity  of  tho  drainage  {ndlution  of  the 
mtnr  drunk  by  the  people ;  but,  if  time  pcrmittod,  a  more  detailed 
■tndy  of  tho  statistics  in  these  cpidtmics  would  demonstrate,  much  more 
OPOclnpivcly,  this  connection  between  cholera  morlality  and  the  pollu- 
Uun  of  drinking  water,  a  connection  which  has  quite  recently  been 
terribly  emphaslsc^l  in  the  case  of  Ilaniburg. 

tiurh  is  the  verdict  with  regard  to  chokm,  and  the  same  is  true 
that  other  groat  wat<.'r-biirno  disease,  typhoid  fover.  But,  nnliko 
^oUiA,  this  <liK«so  is  disKcuiinattd  in  several  other  ways,  and  its 
jirwfiifr'  or  absence  in  any  hwality  may  not,  of  necessity,  have  any 
001  vith  the  drinking  water,  as  is  strikingly  shown  by  tho 

1m  fjcs  of  Manchester. 

iico  wliatcver  that,  since  the  year  1869,  when 
Ijrj  ,        '  .i  for  the  first  time  as  a  separate  iliscuso  in  tho 

hegi»trar-ticnfnir8  reportSj  it  has  been  conveyed  by  the  water  supply 
(if  the  ui^tropolis.  An  inspection  of  tho  following  diagram  shows, 
it  \m  true,  a  grtatcr  [iroportiohal  mortality  during  tho  period  of 
iniporfoct  filtrstion  than  during  the  Inter  period ;  that  is  to  say,  from 
1^83,  when  tho  proc<f88  began  to  be  performed  with  uniform  efli- 
jjj.,._  »  ...  .1...  ,,i,.nii,|T  (if  a  similar  curve  for  the  deaths  by  typhoid 
ia  '  that  this  disease  arisen  from  (.thcr  cmiscs  than 

poUnuu  «i»tr>,  BiiK^c   tho  water  6U|)]ily  of  Manchester,  derived  as  it 
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is  from  mountain  sources,  is  above  all  suspicion  of  tbis  kind.  TLcfo 
otber  causes  have  during  the  last  ten  years  been  moch  niiligated  in 
Xiondon  bj  variouB  sanitary  improvements ;  whilst,  as  shown  in  the 
diagram  (Fig.  1),  there  has  been  no  corresponding  mitigation  in 
Manchester.  In  this  diagram  the  continuous  dotted  line  shows  the 
mortality  per  100,000  of  population  from  tjphoid  in  Manchester, 
and  the  crossed  broken  lino  the  death  rate  from  the  same  disease  in 
London ;  whilst  the  faint  broken  line  represents  the  degree  of  tur- 
bidity of  river  water  delivered  in  London. 

Although,  very  soon  after  the  year  1856,  all  the  water  supplied 
to  the  metropolis  was  obtained  from  sources  much  less  exposed  to 
drainage  pollution,  it  was  still  very  carelcsely  filtered.  Previous 
to  the  year  1868,  there  are  no  records  of  the  efficiency,  or  othurwise, 

TMaiiMoi  mmcfxta  cmrusna  rnn  TMtorrr 
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of  tlie   (iltration   of  the   metropolitun    water  supply  derived  fro 
rivers  as  distinguished  from  deep  wells,  the  water  of  which  is  per- 
fectly clear  without  filtration. 

It  was  in  the  year  1868  that  I  first  began  to  examine  the  water 
supplied  to  the  rnetroijolts  from  rivers  with  reference  to  efficiency 
of  filtration.  In  tliat  year,  out  of  eighty-four  snnipleB  examined, 
seven  were  very  turbid,  oiglit  turbid,  and  ton  slightly  turbid,  so  that 
altogether  no  less  than  nearly  30  per  cent,  of  the  samples  wore  tlinso 
of  inefficiently  filterud  water.  The  metropolitan  water  supply,  then, 
up  to  tlio  year  1868,  may  be  shortly  described  as  derived,  for  many 
years,  from  very  impure  sources,  with  either  no  filtration  at  all,  or 
with  very  ineflScient  filtration  ;  and  afterwards,  when  the  very  imporo 
sources  were  abandoned,  the  supply  was  still  often  delivtrcd  in  a 
very  inefficiently  filtered  condition.  But,  after  the  establishment  of 
mouthly  reports  on  tlic  iiltnitiuu  of  the  river-derived  supplies,  the 
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(jiulity  of  theee  waters  gradually  improved,  in  this  most  important 
mpoct,  as  ia  seen  from  the  forogoing  diagram. 

llicBe  obBerrations,  graphically  rej)rc8ented  in  tho  diagram,  show 
that  at  the  time  thoj  wore  commenced  the  fiitiriug  opcrutioris  were 
carried  on  witli  great  caroleBaDesa,  and  that  this  contitiue<l,  though 
to  a  leiw  extent,  down  to  tho  year  1883,  since  which  time,  and 
Mpccially  since  1884,  tho  efficiency  of  filtration  of  all  tho  river 
wkton  supplied  to  the  metropolis  has  loft  little  to  he  desirt-d. 

What  is  it,  then,  that  separates  the  past  from  the  present  water 
•inpply  of  London  ?  In  tho  tir^t  placo  there  is  the  change  of  soiirce  ; 
1  m«an  the  change  in  jxisition  of  tho  intakes  of  the  seToral  companies 
drawing  from  the  Thames  and  Lea,  and  the  total  al>andonnient  of 
tho  much  pollnted  Ifavenshoumo  by  the  Kent  Water  Company.  So 
Ling  as  the  water  snpply  was  derived  from  the  tidal  reaches  of  the 
Tbunca  and  Lea,  receiving,  as  these  reaches  did,  tho  drainage  of 
immiuau  populations,  the  risk  of  infection  from  wator-bome  patho- 
genic urgani*>m8  could  scarcely  be  otherwiao  than  imminent ;  for, 
althoDgh  we  now  know  efficient  filtration  to  be  a  perfect  safeguard, 
•aytbing  short  of  efficiency  most  bo  attended  with  risk  in  the  presence 
of  such  extreme  pollution. 

NererthelcBS,  the  lino  of  demarcation  between  tho  past  and  tho 
preaent  water  snpply  of  the  metroijolis  is,  in  my  opinion,  to  be  drawn 
Bol  when  the  intakes  of  the  river  companies  were  removo<l  to  positions 
heyood  the  poasibility  of  {>ollntion  by  the  drainage  of  London;  but 
•t  the  time  wbeu  efficient  tiltratiun  was  finally  secured  and  ever  since 
mainlaiiied  ;  that  is  to  say,  in  the  year  1884. 

The  removal  of  turbidity  by  sand  filtration,  however,  refers  only 
to  soDjiended  matter,  but  there  are  sometimes  objectionable  substances 
in  solution,  of  which  organic  matter  is  the  most  important.  Kivcr 
wal4;r  and  mountain  water,  even  when  efficiently  filtered,  contain 
more  organic  matter  than  spring  or  dce])-woll  water;  but  this  is 
ndneed  in  quantity  by  storage  and  especially  by  filtration  ;  although 
it  can,  |iorhap8,  never  bo  bronght  np  to  the  standard  of  organic  purity 
of  spritig  and  deep- well  water. 


H«  Pr€$ent  Water  Supply. 

At  present,  London  is  supplied  with  water  from  four  sources,  tho 
ea,  the  Lea,  tho  New  River  and  deep  wells.     Of  those,  the  de«;p 
yi«1<1,  aa  a  rnle,  the  purest  water,  requiring  no  filtration  or  treat- 
iggl  of  :       '  '    1  before  delivery  for  domestic  use.    The  river  waters, 
ca  tha  <  ^  ^<  require  some  kind  of  treatment  before  delivery  ; — 

■longe  abd  kubsidcuco  in  reservoirs,  and  filtration.  The  water  from 
thoToaiDeA  is  abetraote^l  at  and  above  Hampton,  far  abovo  tho  reach 
of  tho  tirio  and  London  drainage.  Tho  water  from  the  Lea  is  taken 
j^  two  points,  viz.  at  Augcd  lioad,  near  Chingford,  by  the  East 
Water  Company;  and  abovo    Hertford  by  the  Now  Biver 
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Company,  who  convey  it  to  Green  Lanes  by  an  open  conduit  25  miles 
long  called  the  New  River  Cut,  in  which  it  is  mixed  with  a  couBidor- 
ablo  volume  of  spring  and  dtop-wcU  water. 

All  throe  river  waters  are  affected  by  floods,  and  are,  as  raw 
materials,  of  considei-ably  different  quality  as  regards  organic  purity, 
as  is  seen  in  the  diagram  (Fig.  2).  From  these  raw  raatcrinlEi,  by  far 
the  largest  volume  of  the  metropolitan  water  supply  is  derived  ;  and 
the  chemical,  or  organic,  purity  of  the  water  sent  out  to  couBumers 
stands  in  direct  relation  to  the  organic  purity  of  tho  raw  matorial 
used,  as  is  seen  from  tho  diagrams  {Figs.  3,  4  and  5),  wliich  show  tho 
proportional  amounts  of  organic  olcnients  in  the  rnw  find  filtered 
waters,  and  also  tho  advantage  of  storage  in  excluding  fluod  water. 
I'ig,  4  shows  that  floods  in  March  and  August  wore  circumvented,  hut 
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Fig.  3. 


not  in  November.  Tho  numbers  in  tho  margins  of  the  diagrams 
express  tho  proportional  amount  of  organic  elements,  that  in  tho  Kent 
company's  water  during  the  uiuo  years  ending  December  1876,  being 
taken  as  unity,  aa  is  dejiieted  in  the  diagram  (Fig.  5). 

Hitherto  I  have  spoken  of  chemical  jiurity,  or  comparative  freedom 
from  organic  matter  only  ;  but  tho  si'rcad  of  diseases,  such  as  cholera 
and  typhoid  fever,  through  the  agency  of  drinking  water,  has  no  con- 
nection whatever  with  the  chemical  or  organic  purity  of  the  water. 
These  diseases  are  propagated  by  living  organisms  of  extreme 
minuteness,  to  which  tho  names  baciilt,  bacteria  and  microbes  have 
been  given  ;  and  here  comes  the  impttrtant  (luestion,  how,  if  at  all, 
docs  filtration  scouro  immunity  from  these  water-borne  diseases  ? 

To  Dr.  Koch,  of  Berlin,  we  are  indebted  fu>r  tho  answer  to  this 
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JO,  By  his  disooveiy  of  a  mcftna  of  isolating  and  counting  tho 
namber  of  bacteria,  or  bacilli,  or  microbes,  and  their  sporoa  in  a  given 
vulume  of  water,  we  were  for  the  first  time  put  into  possession  of  a 

moramoML  amount  or  orcamc  aCMCNTs 

IM    RAW    L£A   AND    CAST  LONOOM    COMPAMV^    WATtR. 
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■Mtbod  by  which  tho  condition  of  water  as  regards  these  living  organ- 
Ims,  before  and  afttir  filtrntion,  can  be  determined  with  quantitative 
fjigdae^      Tho  enormouB  iniportano*  of  this  invention,  which  was 


am 

•a 

Ml 
•w  f 

tm. 

AM 

SVER 

00N1 
AN 

18 

OF 

D    01 

JtM 

ORC 

M.1 

/tac 

IIU. 

DJ 
MOT 

ttrx 

Oct 

ITS 
■nr 

KC 

l\ 

A 

A 

y 

% 

/ 

/> 

L 

^ 

-** 

-laV 

'^ 

/ 

.i 
1 

\ 

"^ 

yw 

5u 

„ 

MH« 

^1 

t 

.ft---" 

^ 

Fio.  5. 


nxH   nUlJo    known   and  pnictiscd  in   England  in  1882  by  tho    kte 
Dr.  AngiM  Smith,  is  evidnut  when  it  is  borno  in  mind  that  tho  living 
baruifnl  or  barmlcBs,  cunlaincd   in  water  oro   of  such 
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cxtromo  miDnteness  as,  pmctically,  to  defy  detection  by  ordinary 
inicroBcopical  cxAHiinatioii.  Bat,  although  the  inicroeco])e  cannot 
detect  with  certainty  single  bacteria  or  tbuir  epores,  even  the  nuked 
eye  can  easily  discern  towns  or  colonies  consisting  of  thousands  or 
even  millions  of  snch  inhabitants. 

Dr.  Koch's  method  accumplishes  at  once  two  things :  it  isolates, 
in  the  first  place,  ench  individual  microbe  or  germ  ;  and  secondly, 
jilaces  it  in  conditions  favourable  for  its  mnUiplioation,  which  takes 
place  with  such  amazing  rapidity  that,  even  in  a  few  Lours,  or  at 
most  in  two  or  three  days,  each  organism  will  have  crcatt-d  around 
itself  a  visible  colony  of  iimumerable  members;  a  town,  iu  fact,  com- 
p;irablQ  to  Loudon  itself  for  pojmlatiou. 

By  opei-ating  upon  a  known  volumo  of  tlio  water  under  iii- 
vcstigatioQ,  such  as  a  cubic  centimetre  for  instance,  tlie  number  of 
separat©  organisms  or  their  spores,  in  a  given  volume  of  the  water, 
can  thus  be  dotcrmiued. 

The  following  is  Ihe  method  now  adopted  in  carrying  out  Koch's 
process  for  the  investigation  of  drinking  water : — 

1.  Preparation  of  the  catritive  medium. 

2.  Sterilisation  of  the  medium. 

3.  Colli'ction  t<f  tlio  sample  of  water  in  a  vacuous  tube  to  bo 
hennetically  scaled  immodintuly  afterwards. 

4.  Transport  of  tJie  sample  to  the  bacteriological  laboratory. 

5.  Mixture  of  a  keovvn  vylume  of  the  water  saiuplo  with  the 
nutrient  medium. 

6.  Casting  uf  the  mixture  into  a  solid  plate. 

7.  Incubation  of  the  solid  plate. 

8.  Counting  of  the  colonies  (Huitablo  timo  for  the  colonics  to 
develop  being  given  as  shown  in  diagrams.  Figs.  6,  7,  8  and  9). 

Fig.  C  shows  a  gelatine  culture  of  uniiltcred  Tliauies  water  placed 
on  a  ruled  surface  to  assist  counting;  whilst  Figs.  7,  8  and  9  illus- 
trate tho  gradual  derelupmeut  of  the  Cdlonies  iu  a  gelatine  culture  of 
■,  ^^  of  a  cubic  centimetre  of  unfiltored  Lea  water  colbicttd  at  tho 
East  Loudon  Company's  intake  on  Jauuaiy  13,  18'i6.  Fig,  7  sbows 
tho  oooditiou  of  the  colonies  on  the  third  day  ;  Fig.  8  tho  furtlier 
development  on  tho  fourth  ibiy ;  and  Fig.  I)  the  condition  oi  tho 
cidontes  on  tho  litth  day,  wlion  many  colunies  are  mingled  together 
and  CDUuting  is  no  longer  pob^sible. 

'J.  Examination  uf  separate  colonics,  or  rather  of  the  individual 
members,  under  the  microscope. 

Sometimes  the  cultivations  are  made  upon  a  plate  of  tho  substance 
called  agar,  which  resembles  isinglass,  and  boars  a  tempotaturo  of 
blood  heut  without  melting  (Fig.  10).  There  is  a  very  reniurkablo 
colony  on  this  plate,  showing  an  apparently  orgiiuiged  city,  with 
suburbs  atretching  far  into  the  country,  aud  cuntainiug  many  milliuua 
uf  inhabitants. 

In  order  to  ascertain  the  effect  of  filtration  upon  the  bacterial 
i|uaUty  of  tho  water,  it  is  absolutely  necossury  that  the  sample  should 
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be  taken  immediatelj  after  it  boa  passed  through  the  filters;  for 
if  it  he  obtained  from  the  delivery  mains  in  town,  that  is  to  say, 
after  the  water  has  passed  through  many  miles  of  pipes,  the  rapid 
multiplication  of  these  organisms,  except  in  very  cold  weather,  is 
each  that  a  water  which  contains  only  a  single  living  organism 
per  r.c,  as  it  issaes  from  the  filter,  mny  contain  100  or  lOOO  in  the 
■ame  vulume  when,  after  several  hoars,  it  arrives  on  the  couRiimcrs' 
premises.  Fig.  11  shows  isolated  bacteria,  enormously  magnified, 
taken  from  one  of  the  towns  or  colouics.  The  scalo  at  the  foot  of 
this  figure  represents  thousandths  of  an  inch. 

Now  what  is  the  effect  of  sand  filtration  as  carried  out  by  the 
various  water  companies  supplying  London,  upon  the  living  matter 
contained  in  the  raw  river  water?  It  is  simpli)  astoundimj — water 
which,  when  poured  upon  sand  filters,  contains  thousands  of  bacteria 
per  c-c. — for  a  single  drop  of  Thames  water  sometimes  contains 
nearly  3000  separate  organisms — comes  out  from  those  filters  with 
60,  30,  10,  or  oven  less  of  these  organisms  per  c.c. ;  or  the  number 
of  microbes  in  a  single  drop  is  reduced  to  two  or  even  to  zero. 

Rather  loss  than  one-tenth  of  the  total  volume  of  water  supplied 
to  London  is  derived  by  the  Kent  Water  Company  from  deep  wells 
in  the  chalk.  As  it  issues  from  the  porous  rock  into  the  fissures  and 
beadiugs  of  these  wells,  this  water  is,  in  all  probability,  absolutely 
■terile;  but,  by  the  time  it  has  been  pumped  up  to  the  surface,  it 
usually  contains  a  certain  number,  though  small,  of  microbes. 
Thns,  during  the  year  1892  it  contained  on  the  average  G  per  c.c. ; 
in  1893.  13 ;  in  1894,  15  ;  and  in  1895,  8. 

The  diagram  (Fig.  12)  shows,  graphically, the  bacterial  improve- 
ment of  the;  river  water  by  filtration  during  the  year  1894.  In  this 
diagram,  the  black  squares  and  white  centres  represent  the  relative 
nnmbera  uf  microbes  in  the  uniUterod  and  filtered  waters  respec- 
tively. 

Thns.  although  the  deep-well  water  has,  from  a  bacterial  point  of 
WW,  a  decided  advantage,  the  filtered  river  waters  aro  not  very  far 
bdusd  ;  and  there  is  every  reason  to  believe  that  with  the  improvo- 
nmti  which  are  now  being  carried  out  by  the  various  river-wator 
eompanios,  the  Kent  company's  water  will  before  long  be  run  very 
hard  by  the  other  supplies. 

By  the  examination  of  the  water  as  it  issnes  from  the  filters,  the 
ntmoat  freedom  from  microbes,  or  maximum  degree  of  sterility,  of 
each  aample  is  recorded.  This  utmost  freedom  from  bacterial  life, 
after  all  noorces  of  contamination  have  been  passed,  is  obviously  the 
most  important  moment  in  the  history  of  the  water ;  for  the  smaller 
the  Bomber  of  microbes  found  in  a  given  volume  at  that  moment,  the 
tHi  is  the  probability  of  pathogenic  or  harmful  organisms  being 
MMMlt;  and  although  the  non-pathogcnie  may  afterwards  multiply 
mdeftBitoly,  this  is  of  no  consequence  in  the  primary  absence  of  the 
patbogcnio ;  but  it  is  only  fair,  in  describing  the  cliaraotor  of  the 
present  water  Baj>ply  of  London,  to  say  that  not  a  single  pathogenio 
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organism  has  cvor  been  discovered,  even  in  the  anfiltered  water  as  it 
enters  the  intakes  of  tbc  varioas  oompanios,  altboagh  these  orgauisms 
have  be<ju  carefully  sought  for.  It  is  somotimes  even  said  that  the 
non-pntbogenic  organisms  found  in  water  may  be  benoScial  to  man, 
but  this  idea  is  not  borne  out  by  thoir  entire  absence  from  the  food 
which  nature  provides  fur  young  animals.  Milk  is  absolutely  sterile 
in  its  normal  condition. 

As  it  is  at  present  impracticable  to  obtain  wator,  uniformly  at 
least,  free  from  microbes,  it  is  desirable  to  adopt  some  standanl  of 
bacterial  purity ;  and  100  microbes  per   c.c.  has  lieon  fixed  upon  by 
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Dr.  Koch  find  raysrlf  as  the  maximum  number  allowable  in  potable 
water.  This  standard  is  very  rarely  infringed  by  the  Loudon  wator 
companies;  whilst  I  have  every  reason  to  hope  that,  in  tho  near 
future,  now  that  special  attention  is  directed  to  bacterial  filtration,  it 
will  not  be  approachod  within  60  per  cent. 

This  hope  is  based,  not  only  upon  my  otvti  obsorvationB,  but  also 
npon  the  exhaustive  and  exccodiiigly  important  investigations  carried 
out  at  the  Lawrence  Exporimont  BtatioQ  by  the  State  Board  of  Ilealth 
of  Massnichusotts,  under  tlio  direction  of  Mr.  Oeorgo  W.  Fullor,  the 
oiliciQl  biologist  to  the  Board.  More  tlian  six  years  have  already 
been  spent  in  the  prosecution  of  these  American  experiments,  and 
many  thousands  of  samples  of  water  have  been  submitted  to  bacterial 
cultivation. 

The  MassnchuBctts  oxporimontal  filters  wore  worked  at  rates  np  to 
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tbrM  million  gallons  per  aero  daily,  vhich  renders  the  resnlta  avail- 
»Mc  for  application  to  public  water  Bopplies ;  indeed,  none  of  the  water 
delivered  in  London  is  filtered  at  ho  rapid  a  rate  as  this.  It  was 
funnd  Uiat,  at  tbose  rates,  all  tho  disease-producing  germs  which  were 
inteulioually,  and  in  largo  numbers,  added  to  the  untiltered  water, 
were  sabatantiallj  removed.  The  filters  wore  so  constructed  and 
trruiged  as  to  allow  direct  comparison  of  tho  bnctcriitl  purification  of 
w»ter  nnder  diflTerent  rates  of  filtration — with  sand  of  different  degrees 
of  finonees,  with  differont  depths  of  tho  same  sand,  and  with  intermit- 
tent and  continuous  filtration. 

The  actual  efficiency  of  these  filters  was  also  tested  by  the  appli- 
catinn  of  the  bacillus  of  typhoid  fover.  During  tlio  earlier  portions 
of  the  year  1893  very  large  numbers  of  these  bacilli  and  other  species 
wnTi'  applied  in  single  doses  to  the  several  filters  at  different  times, 
and  the  effluent  was  examined  four  times  daily  for  several  days  aftor- 
ward«.  The  results  so  obtained  give  a  thoroughly  trustworthy  test  of 
tk*  degree  of  bacterial  purification  effected  by  each  of  the  expori- 
MWhil  filters, and  these  are  tho  data  which  have  been  largely  used  by 
tfce  MtMThiinfittn  State  Board  of  Health  in  deducing  the  rules  which 
tbey  consider  ought  to  be  observed  in  water  filtration. 

Among  the  subjecta  invcatigatod  by  moans  of  these  experimental 
filters  were : — 

1.  The  effect  upon  bacterial  purification  of  tho  rate  of  filtration. 

2.  The  effect  of  size  of  sand  grains  upon  bacterial  purification. 
S.  The  effect  of  depth  of  material  upon  bacterial  purification. 
4.  The  effcet  of  scraping  the  filters  upon  bacterial  purification. 
These  important  experiments  and  my  own  bacterioscopic  examina- 

of  tho  London  waters,  continued  for  four  years,  lead    to  the 
following  conclusions: — 

1.  The  ruto  of  filtration,  between  half  a  million  and  throe  million 
galliiiis  per  acre  pur  day,  exercises,  practically,  no  effect  on  tho  bacto- 
rial  purity  of  tho  filtered  water.  It  is  worthy  of  note  that  tho  rates 
of  liltration  practised  by  the  several  water  companies  drawing  their 
»ni  til-  ~  tVotn  tho  Thames  and  Lea,  are  as  follows  : — Chelsea  Com- 
I  11.000;  West  Middlesex,  1,359,072;  Southwark  Company, 
J  .  Grand  Junction  Company,  1,986,336  ;  Lambeth  Company, 
J  ;  New  Iliver  Company,  1,881,792;  and  East  London  Com- 
|)aiij.  J. .•.'3,920.  Hence  not  one  of  the  London  companies  filters  at 
the  rate  of  two  million  gallons  per  acre  per  day,  at  which  rate  in  the 
MsMkcfaiuetts  filters,  9'J'9  per  cent,  of  tlie  microbes  present  in  tho 
mw  wstar  were  removed. 

2.  The  eflbct  of  tho  eizo  of  sand  grains  is  very  considerable. 
Tkas,  by  tho  use  of  a  finer  sand  than  that  employed  by  the  Chelsea 
Company,  the  West  Middlesex  Company  is  ablo,  with  much  less 
•toragr.  to  attain  an  o<]nal  degree  of  bacterial  cfUciency. 

8.    '  •         1  between  the  limits  of  one  and  five  foot  oior- 

II  bacterial  purity,  when  tho  mto  of  filtration 


filten 


h  kopt  wiihoi  tliO  Uiuitii  just  specified.   Tints  the  Now  River  Company, 
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with  1*8  f<x»t  of  sand  on  tho  filters,  comparos  favourably  with  tho 
Choleca  Company,  tho  sand  on  whose  filters  ie  moro  than  twice  that 
depth.  Placed  in  the  order  of  thickness  of  sand  on  their  filters,  tho 
following  table  shows  that  the  metropolitan  companies  range  M 
follows : — Cholsea,  Laniboth,  West  Middlesex,  Southwark,  East 
London,  Grand  Junction  and  Now  River.  Placed  in  the  order  of 
efficient  bncleriiil  filtration,  they  range  as  follows  ;  —Chelsea  and 
West  Middlesex  equal.  Now  River,  Lambeth,  East  London,  South- 
wark  and  Grand  Junction. 


Thick  Nffis  or  Sard  on  Filtzhs. 

Chelsea 40  feet 

Lambeth 2'8  „ 

West  MiddUwx 2;6  „ 

BonthwRrk      2*5  „ 

East  London 2*0  „ 

Umnd  Junction      1'9  „ 

New  River      1-8  „ 


OiiDEB  or  Bacttkbial  EFriciEscr. 


fChelara. 
\We8tMiiicilesex. 

New  River. 

Lambeth. 


East  Ijimdon. 
Boulhwark. 
Grand  Junction 


4.  "When  thGro  is  such  an  arcumulation  of  deposit  on  the  surface 
of  tho  sand  filter  that,  for  irractical  purposes,  sufficient  water  cannot 
be  made  to  pass  through  it,  the  surface  of  the  filter  has  to  be  scraped, 
that  is  to  say,  the  mud  and  about  half  an  inch  of  the  sand  are  re- 
moved from  the  surface.  After  this  operation,  there  is  sometimes  on 
increase  in  the  number  of  bacteria  in  tbo  filtered  water,  and  it  is 
noticed  that  tlio  incroaso  is  greater  in  shallow  than  in  deep  filters, 
and  with  high  than  with  low  rates  of  filtration  ;  and  there  is  no 
doubt  that  the  effect  of  scraping  is  considerably  magnified  when 
coarser  descriptions  of  sand  are  fimployod,  as  is  tho  case  in  tho 
filters  of  the  London  water  companies.  I  should  like,  therefore,  to 
improBs  upon  tho  engineers  of  these  companies  the  desirability  o£ 
using  finer  siinds  than  are  at  present  employed. 


lujluence  of  the  Bacterial  Condition  of  the  Baw  Biivr  Water 
vpon  that  of  the  Filtered  Effluent. 

I  have  found  that  the  number  of  bacteria  in  a  given  volume 
filtered  water  is  often,  though  not  invariably,  influenced  by  tho  number 
contained  in  tho  raw  water  supplying  the  filter  ;  and  from  this  point 
of  view,  therefore,  tho  bacterial  condition  of  tho  raw  river  water  used 
in  the  metropolis  is  of  no  iuconsidorablo  im])ortanco. 
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Since  Ma  J  1892,  I  have  been  ronking  monthly  doterminattoas  of 
the  number  of  microbes  capable  of  deroloping  on  a  gelatine  plate  in  a 
given  Tolume  of  Thames  water  collected  itt  the  intakes  of  the  metro- 
pulilau  ^<^ate^  companies  at  Hampton  ;  and  the  number  has  varied 
during  this  time  between  631  and  513,630  per  o.c,  the  highest  numbers 
hanog,  as  a  rule,  been  found  in  winter,  or  when  the  temperature  of 
tha  water  was  low,  and  the  lowest  in  summer,  or  when  the  temperature 
WM  high. 

Now,  besides  temperature,  there  are  two  other  conditions,  to  either 
of  which  this  difference  may  be  attributed,  viz.  Bunehine  and  rainfall ; 
and  I  have  endeavoured,  by  a  series  of  graphic  representations,  to 
disentangle  these  possible  influences  from  each  other,  by  placing  the 
results  of  the  microbe  determinations  in  juxtaposition  with  (1)  the 
temperature  of  the  water  at  the  time  the  samples  were  taken ;  (2)  the 
nomber  of  hours  of  sunshine  on  the  day  and  up  to  the  hour  when  the 
sample  was  drawn,  and  on  the  two  preceding  days  ;  and  (3)  the  flow 
of  the  Thames  over  Teddington  Weir  on  the  same  day,  expressed 
in  millions  of  gallons  per  twenty-fonr  hours.  And,  although  the 
graphic  representations  are  couiinud  to  the  Thames,  the  conditions 
affecting  bacterial  life  in  this  river  are  doubtless  equally  potent  in 
other  riven  and  streams. 

The  samples  for  microbe  cultivation  were  collected  at  about  nine 
inehM  below  the  surface  of  the  water,  in  partially  exhausted  and 
■e>led  ^an  tubes,  the  ends  of  which,  when  the  tubes  were  lowered 
la  the  required  depths,  were  broken  off  by  an  ingenious  contrivance 
darieed  by  my  assistant,  Mr.  Burgess.  On  being  withdrawn  from  the 
liver,  the  tabes  were  immediately  hermetically  sealed  and  packed 
ia  ke  lot  conveyance  to  my  laboratory,  where  the  cultivation  was 
alwim  eommenoed  within  four  hours  of  the  time  of  collection. 

¥at  the  records  of  sunshine  I  am  indebted  to  the  kindness  of 
Mr.  Juoa*  8.  Jordan,  of  Staines,  and  for  gaugings  of  the  Thames  at 
Teddiagton  Weir,  to  Mr.  C.  J.  More,  the  Engineer  to  the  Thames 
Ouaeervancy  Board. 

The  graphic  representation  of  these  collateral  observations  affords 
Anbitb  evidence  §s  to  which  of  the  three  conditions,  temperature, 
■nnaluiie  and  flow  of  the  river,  has  the  predominant  influence  upon 
lawlerul  life  in  the  water.  The  first  diagram  (Fig.  13)  compares  the 
naisber  of  microbes  per  c.o.  with  the  temperature  of  the  water  at 
the  time  the  sample  was  taken.  The  horizontal  lines  express  the 
trombara  of  microbes  and  the  temperature,  while  the  vertical  lines 
lionirle  tbo  months  when  the  samples  were  taken.  For  obvious 
fCBMSi;  the  horizontal  lines  expressing  the  numbers  of  microbes 
■ad  tWBjrtmtnrp*,  are  numbered  in  opposite  directions. 

Tile  diagram  shows  that  although  ooincidonce  between  a  high 
aanber  of  microbes  and  a  low  temperature  are  not  wanting,  some 
•tfier  condition  entirely  masks  the  effect,  if  any,  of  temperature. 

The  next  diagreni  (Fig.  14)  institutes  the  comparison  between  the 
nofflber  of  miorobee  and  the  hours  of  soushine  tu  which  the  water 
Vol.  XV.  (So.  90.)  ' 
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bas  been  eizpoeecL    The  dugimm  is  constracted  od  the  same  lines  as 
the  first. 

It  is  evident,  therefore,  from  this  comparison  that,  as  in  the  case 
of  temperature,  there  is  some  other  condition  which  entirely  overbears 
the  influence  of  sunlight  in  the  destruction  of  microbes  in  the  river 
water.  This  condition  is  the  amount  of  rainfall  higher  up  the  river, 
or,  in  other  words,  the  volume  of  water  flowing  along  the  river  bed, 
as  is  seen  from  the  comparison  represented  in  the  next  diagram 
(Fig.  15). 
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This  diagram  shows  very  conclusively  that  the  volume  of  water 
flowing  in  fbe  Thames  is  the  paramount  influence  determining  the 
number  of  microbes.  It  compares  tho  volume  of  water  in  the  river, 
gauged  at  Teddington  Weir,  with  the  microbes  found  in  the  raw 
Thames  water  at  Hampton  on  the  same  day.  In  this  diagram,  the 
nambers  representing  the  flow  of  the  river  in  millions  of  gallons  per 
day  and  the  number  of  microbes  per  c.c.  in  the  water,  both  run  from 
the  bottom  of  the  diagram  upwards. 
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V         Oomparing  the  cnrres  in  the  dlAgrain,  it  is  seen  that,  with  ■      ^| 
~     few  exooptions,  a  rem&rkAbly  close  relAtion  is  maintoined  between      ^| 
them.                                                                                                                        ^1 
The  only  exception  of  any  imporiaDce  to  the  rule  that  the  number       ^| 
flf  Buerobes  Tsries  directly  with  the  flow  of  the   river,  occurring       ^h 
during  the  thirU'-two  months  tfarongh  which  these  observations  were 
eontinuud,   happened  in  November    1892,  when   tbe  flow  increased       ^A 
ftoB  601    millions  of  gallons    in    October   to    1845    millions  in      ^| 
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KoTomber  whilst  the  microbes  actually  diminished  in  number  from        H 
2316  to    isGd  pur  c.c.     Neither  the  sunshine  nor  the  temperaturo        H 
noDrtls  of  these  two  raoDtba,  however,  afford  any  explanation  of  this        H 
1         MaaaJoiui  result :  for  there  was  a  good  deal  of  simshine  in  October        ^M 
'         Iwfbrv  ib<t  eoUectiou  nf  iho  sample,  and  the  temperature  was  higher;        H 
•bilil  in  NuveinlxJr  no  ray  of  ^uushine  reached  the  Thames  during        H 
iU  thrae  days  prvcoding  the  taking  of  the  sample,  and  the  tempera-        H 
IVl  VU  netrfy   ^^  ^'  l"*!^  '''■■'"  '°  ^^^  preceding  mouth.     I  have       H 
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•scerfadned,  howoTer,  that  the  Thames  bwin  had  j  been  twice  very 
thoroughly  washed  oat  by  heavy  floods  shortly  before  the  time  when 
the  November  sample  was  taken,  and  this  afiords  a  satis&ctoty  ex- 
planation of  the  anomalons  result  yielded  by  this  sample. 

These  comparisons  therefore  demonstrate  that  the  number  of 
microbes  in  Thames  water  depends  directly  npon  the  rate  of 
flow  of  the  river,  or,  in  other  words,  on  the  rainfall,  and  bat 
slightly,  if  at  all,  opon  either  the  presence  or  absence  of  sunshine 
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or  a  high  or  low  temperature ;  and  they  are  confirmed  by  the  con- 
tinuation of  these  observations  during  the  year  1895.  (See  diagram, 
Fig.  16.) 

With  regard  to  the  effect  of  sunshine  upon  bacterial  life,  the 
interesting  observations  of  Dr.  Marshall  Ward  leave  no  doubt  that 
sunlight  is  a  powerful  germicide;  still,  it  is  obvious  that  its  potency 
in  this  respect  must  be  greatly  dimini  shed,  if  not  entirely  annulled, 
when  the  solar  rays  have  passed  thron  gh  a  stratum  of  water,  of  even 
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nmpAmtiTel^  small  tbickncss,  bofore  they  reach  the  living  organisnuL 
B;  a  aeriea  of  ingenioasly  deviaed  experiments,  Mr.  Burgess  has 
demonstrated  the  oorrectneea  of  this  view. 

A  sterile  bottle,  about  half  filled  with  Thames  water,  was  Tiolently 

■pitted  for  five  minutes  to  insure  equal  distribution  of  the  organisms. 

Immodiately  aflcrvnutla,  a  number  of  sterile  glass  tubes  were  partially 

filled  with  this  water  and  sealed  hermetically.     Three  of  these  tabes 

mse  immodiately  packed  in  ice,  uud  the  i-emaiuder  were  attached  in 

dnpUoate  at  definite  distances  apart  to  a  light  wire  frame  which  was 

tben  aospeoded  vertically 

ia  the  rirer.    The  eiperi- 

BMBta  ware  made    near 

die  Gnnd  Junction  Ck>m- 

paay'a  intake,  at  a  place 

(avuarablo  for  the  8un*B 

rajs  to  fall  on  the  river 

witiioot  any  obstruction, 

Tbe  river  was,  at  the 

n  a  very  clear  con- 

tioD  mmI  contained  but 

ansponded  matter, 

the  day  was  fine, 

;h  clonda  obscured 

ttm      orioaBionally. 

The  tubod  were  exposed 

V)  light  in  the  river  fur 

A\  honnt,  from  10.130  a.m. 

cm  May  15, 180-5. 

d  of  thia  time 

paclccd  in  ice 

transport  to  my  labo- 

[latory,  where  the  caltivittion  was  started  immediately.    The  colonies 

I  worn  counted  on  the  fourth  day,  and  yielded  the  results  given  in  the 

ffallowitig  table: — 

ITo.  or  «aianle> 

pet  c.c. 

atcr  packed  in  ioc  ianncdiatvly  after  collection 
„       alUr  (:X|)Otinrr)  to  Hiiuti^bt  tor  i\  tiours  at 

njrfiiw  of  ri»er 

,,       «ft<;r  ei|Misure  to  ^anligbt  for  4J  hours  »t 

i;  ill.  U'low  gurfftce  of  river       

^       n(\<'t  fvimoure  to  «utiliglit  for  4|  liuara  at 

1  fL  ttt'Iow  •nrfoce  of  rirer        

„       aIVt  i.'Spoeare  to  Btinligtit  for  A\  boura  at 

2  ft  below  (ttrfscc  ofrivcr       

.,       after  rxpocure  to  siinligbt  for  4)  hours  ut 
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2ldO 


24."Jfl 
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TImwi  (isportmontii  show  that  on   May  15  the  germicidal  effect 
mtligbt  Oil  Thamo*  microbes  was  ml  at  depths  of   1  foot  and 
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tipwarde  from  the  surface  of  tbe  comparatively  cloar  water.  It  cannot, 
therefore,  excite  sorprise  thut  tbe  effect  of  BaoBhino  upon  bacterial 
life  in  the  great  mass  of  Thames  water  should  bo  nearly  if  not 
quite  imperceptible.  We  have  thus  ascertained  that  sunlight  can 
only  .kill  tho  germs  or  microbes  near  the  surface  of  the  water,  whilst 
thuae  at  any  depth  for  tbe  most  part  escape  degtrnction. 

On  the  other  hand  the  enormous  effect  of  floods  in  augmenting 
the  nomber  of  microbes  can  hardly  surprise  us;  for  when  a  great 
body  of  water  has  flowed  over  tbe  banks  of  the  river,  which  are  at 
other  times  dry  and  exposed,  carrying  along  with  it  countless  im- 
purities— an  effect  common  both  to  the  main  stream  and  its  tributaries 
— the  Thames  basin  is,  as  it  were,  on  erery  such  occasion,  thoroughly 
washed  out,  and  it  is  only  to  be  expected  that  tho  number  of  microbes 
iu  the  water  should  be  euonuously  increased,  as  is  found  to  be  tbe 
case. 


The  Water  Supply  of  the  Future. 

In  view  of  tbe  rapid  increase  of  the  pnpniation  of  London,  fears 
have,  from  time  to  time,  been  entertainetl  thut  the  water  supply  from 
tho  Thames  basin,  that  is  to  say,  from  tbe  rivers  Thames  and  Lea 
snpplemontcd  by  water  from  springs  and  deep  wells  within  the  basin 
itself,  would  soon  be  insufficient  in  quantity  ;  whilst  the  quality  of 
the  water  taken  from  tho  rivers  has,  up  to  a  comparatively  recent 
date,  been  considered  uuBatiefact<.>ry.  On  these  grounds  various 
schemes  have,  from  time  to  time,  been  brought  forward  for  the 
supply  of  the  metropolis  from  other  river  basins — from  the  Wye,  tho 
Severn,  the  river  basins  of  North  Wales,  and  of  the  lake  districts 
of  Cumberland  and  Westmoreland.  It  is  w<jrthy  of  note,  however, 
that  all  the  Eoyal  Commissions  have  arrived  unanimously  at  the 
conclusion,  that  the  quantity  of  water  obtainable  from  the  Thames 
basin  is  so  ample  as  to  render  tho  necessity  of  going  elsewhere  a 
very  remote  contingency. 

I  shall  now  endeavour  tu  put  very  shortly  before  you  the  facts 
which,  in  my  opinion,  prove  that,  both  as  regards  quantity  and 
qualitj,  the  Thames  basin  will,  for  a  very  long  time  to  come,  afford 
an  abundant  supply  for  the  metropolis.  There  is,  indeed,  no  river 
basin  in  Great  Britain  which  affords  puch  an  abundant  supply  of 
excellent  water  as  thut  available  in  the  Thames  basin. 

Besides  that  which  flows  directly  into  the  river,  tliis  water  is 
contained  in  the  chalk,  oolite  and  lower  greensand,  which  are  the 
best  water-btaring  strata  in  tho  kingdom.  From  these  strata  it 
issues  in  copious  springs  of  unsurpassed  organic  purity.  I  have 
personally  inspected  every  spring  of  importance  in  the  Thames  basin, 
and  have  analysed  snmjilcs  of  the  water.  The  results,  iu  a  very 
condensed  form,  are  recorded  in  the  following  tabic : — 
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SpBixa  ASD  Djup-Wkll  Watem  i:r  rac  Thakis  Baeiv. 


Oxlk. 

■j«iU>arAiiia;ita.tB 

Oollu. 

Lower 

AT»ng»«f 

Arrrtftot 

SiUlll0U 

Wdta.        J 

SaUBplML 

tanptli. 

ATwaceof    1 
MwOiplM.  ^ 

IMdMllMaMUMa  .. 

S7-84 

18-25 

30*14 

S7-45 

OrgaateottlMti   ..     .. 

•035 

•032 

•041 

•032 

Oi^mIv  BilmgHi . . 

•012 

•006 

•010 

•01l» 

PiOMMi  Man  boiling 

22-5 

10-5 

253 

280 

IIbiiIbim  «Aer  boiitng 

5-5 

3-6 

4-9 

6^5 
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TveutT-otie  eamples  of  oolitic  spring  water  were  aualj'PeJ,  anil 
attc  of  tliese  was  of  oreu  greater  organic  purity  than  the  water 
deGvonvI  by  tlie  Kent  oompuny,  wbicb  I  have  always  rei^anled  as  tbo 
■hlDihlil  of  nrf^uic  purity  to  bo  aimed  ut  in  all  olbor  watt-r-norks. 

Five  8priogB  isfiuiug  frooi  the  lu^rcr  grucusand  were  examined, 
and  ifEun  eivery  one  of  these  was  of  even  groator  purity,  orgunically, 
than  the  Kent  ooinpstuy's  wat^r ;  whilst  they  were,  on  the  average, 
ualj  one-third  as  bard.  Forty-six  samples  of  water  from  tbo  cbalk 
VITA  cbetnically  exatnincil,  and  these  also  oontaiDed  but  the  merest 
inoes  cif  orgauio  luattor. 

All  Uteao  saitipk-M  from  the  ebalk  were  derived  from  sunrceti 
wbere  tbo  wat«r-b<'ftring  strnttim  i8  free  from  a  covering  of  Lundon 
rJaj:  bat  w  eoou  u  tbo  chalk  dips  licueatb  the  London  tertiary  sands 
Mia  <iMJ,  the  qnality  <>f  the  water  nndcrgcx'S  a  remarkable  altorutiou. 
Tbe  tot»l  solidfi  in  Milution  arc  greatly  inerensed  in  amount,  wliil^t 
tik*  budocMi  is  macb  mitigatt^d,  owing  to  the  replacement  uf  bicar- 
bokst*  «»f  lin«c  by  bicurbouato  of  noda.  These  waters  are  also  of 
bigb  organic  purity;  bnt,  as  tlio  quantity  is  very  limited,  it  is  useless 
to  dwell  uptiu  them.  They  Bupply  the  Trafalgar  Square  fountains 
■ad  tbr  London  brcweriirfl,  and  we  can  well  afford  to  leave  them  to  l)o 
eaatHioil  into  bct>r.  For  dietetic  purposes,  there  is  no  better  water 
itt  tlw  kingdom  than  tbe  nndergrouud  water  of  the  Thames  batiiu. 
For  aattimimtal  n-oKoufl,  I  nbould  like  to  s(Hi  it  conveyed  to  tbe  works 
of  tbit  various  comjiunies  in  special  conduits ;  but  wo  have  seen  that, 
on  h^itmie  gr<>aiid«,  it  may  safely  be  allowed  to  flow  down  tbo  bed  of 
tbe  Tbuuco,  if  it  be  afterwards  efficiently  filtered. 

So  naarb  for  quality,  now  as  to  quantity.  The  basiiis  of  tbe 
Tbum  and  Lea  include  an  area  of  upwards  of  five  tbousand  square 
milciu  Of  tbia,  rather  more  than  one-half,  including  the  oolitic, 
cnteococs,  and  portions  of  tbo  tertiary  formations,  is  covered  by  a 
fovn  krI  npuQ  a  permeable  water-bearing  strutmn.  The  remaiudor 
M  oonniiod  by  tbo  Oxford,  Kimmeridge,  Gault  and  London  clayn, 
bebg  iboa  covered  by  a  clay  soil  upon  a  stiff  and  impervious  sabsuil. 
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The  aunnal  rainfall  of  the  district  is  estimated  on  an  average  at 
28  incbes.  The  riviilets  and  streams  of  the  Thames  basin  are  formed 
and  pursue  their  course  on  the  clay  land.  There  are  no  streams  on 
the  chalk.  That  which  falls  upon  this  porous  stratum  and  does  not 
evaporate,  sinks,  mostly  where  it  alights,  and  henpK  itself  up  in  the 
water-bearing  stratum  below,  until  tho  latter  can  hold  no  more.  The 
water  then  eEoapes  as  springs  at  the  lowest  availnble  points.  Innu- 
merable examples  of  these  springs  occur  all  round  the  edge  of  tho 
Thames  bssin,  and  at  various  points  within  it.  'i'Lus,  from  the  chalk 
they  are  ejected  at  the  lip  of  the  ganlt,  and  in  the  oolitic  area,  by 
the  fuller's  earth  below  it,  or  by  the  Oxford  clay  geologically  above  it. 

According  to  the  gaugings  of  the  engineer  of  the  Thames 
Conservancy  Board  there  passed  over  Teddington  Weir  in  1852, 
387,000  millions  of  gal lon»<,  equal  to  an  average  flow  of  lOGO  millions 
of  gallons  daily.  In  the  following  year,  1893,  there  passed  over 
Teddington  Weir  an  aggregate  of  324,227  millions  of  gallons,  or  a 
daily  average  of  888  millionB  of  gallons,  the  average  for  the  two  years 
being  974  millions  of  gallons  ;  and  this  number  does  not  include  the 
120,  or  130,  millions  of  gallons  daily  abstracted  by  the  »ix  Loudon 
water  companies  who  draw  their  supplies,  wholly  or  partially,  from 
the  Thames. 

Thus,  in  round  numbers,  we  may  say  that  after  the  present  wants 
of  London  have  been  supplied  from  this  river,  there  is  a  daily  average 
of  a  thousand  miUious  of  gallons  to  spare.  iSurely  it  is  not  too 
violent  an  asFumption  to  make,  that  the  enterprising  engineers  of 
this  country  can  liud  the  means  of  abstracting  and  storing,  for  the 
neoeesary  time,  one-fourth  of  this  volnmo. 

Aa  regards  the  quality  of  this  sttired  water,  all  my  examJuationg 
of  the  efilct  of  storage  upon  the  chemical,  and  especially  upon  the 
bacterial  quality,  point  to  the  concluBion  that  it  would  be  excellent. 
Indeed,  the  bacterial  improvement  of  river  water  by  storage,  for 
even  a  few  days,  is  beyond  all  espectation,  as  is  proved  by  the  ac- 
comijauyiug  photographic  diagrams.  Thus  the  storage  of  Thames 
water  by  the  Chclsoa  company  for  only  thirteen  days,  reduces  the 
number  of  microbes  to  less  than  one-eighth  of  the  original  amonnt, 
as  is  proved  by  the  photographic  diagrams,  Figs.  17  and  18.  Pig.  17 
shows  the  result  of  a  gelatine  plate  culture  of  j'j,  of  a  cubic  centi- 
metre of  unfiltered  Thames  water  collected  on  January  10,  1896, 
It  gave  11,560  colonies  per  c.c, ;  whilst  Fig.  18  shows  the  result  of 
a  similar  cultivatiun  of  n'^  "^^ *  *^c-  of  Thames  water  collected  on  the 
same  day,  after  stornge  for  thirteen  days.  It  gave  only  I8G0  colonies 
jier  e.c.  The  storage  of  the  River  Lea  water  for  fii'lein  days,  by  the 
East  London  company,  reduces  the  numbtr  from  9240  to  18f>0  per 
c.c,  or  to  one-fifth  (boc  diagr.ims  Figs,  19  and  20);  and  lastly,  the 
water  of  the  New  River  Cut,  containiug  on  tho  average  4270  microbes 
per  c.c,  contained  after  etorngo  for  lees  than  five  days  only  1810  (see 
diagrams.  Figs.  21  and  22,  in  which  the  results  of  the  cultivation  of 
5*5  of  a  C.C.  of  the  water  before  and  after  storage  are  contrasted). 
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These  nmples  were  collected  on  December  11,  1895.*  The  reduc- 
tion here  Wing  not  eo  great,  partly  on  account  of  the  shorter  storage, 
but  chiefly  bccanse  the  New  River  (.'ut,  above  the  point  at  which  the 
■unplbfl  were  taken,  is  itself  a  storage  reservoir  containing  many 
d«ys'  mpply.  Indeed,  quietness  in  a  subsidence  reservoir  is,  very 
cnrionsly.  far  more  fatal  to  bacterial  life  iu  river-water  than  the 
mcxt  violent  agitation  iu  contact  with  atmospheric  air :  for  the 
microbes  which  ore  sent  into  the  river  above  the  falls  of  Niagara 
bj  the  city  of  Bu&lo  seem  to  take  little  or  no  harm  from  that 
trameodons  leap  and  turmoil  of  waters ;  whilst  they  very  soon  almost 
entirely  disappear  in  Lake  Ontario. 

Thus  it  is  not  too  much  to  exi>ect  that  storage  for,  say  a  couple  of 
months,  would  reduce  the  number  of  microbes  in  Thames  flood  water 
down  to  nearly  the  minimum  ever  found  in  that  river  in  dry  weather ; 
whilst,  by  avoiding  the  fint  ru^h  of  each  flood,  a  good  chemical 
quality  conld  also  be  secured.  There  is  therefore,  I  think,  a  fair 
prospect  that  the  quantity  of  water  derivable  from  the  Thames  at 
Hampton  could  be  increased  from  its  present  amount  (120  millions  of 
galk>DS  |>er  diem)  to  370  millions. 

Again,  in  the  Kivcr  Lea,  although  here  tho  necessary  data  for 
SBSct  calculation  are  wautiug,  it  miiy  be  assumed  that  tho  present  < 
SQpply  of  54  millions  of  gnllous  could  be  increased  by  the  storage  of 
flood  water  to  100  millions  of  gallous  per  day.  To  these  volumes 
mast  be  added  tho  amount  of  deep-well  wat^r  which  is  obtainable 
fron  those  parte  of  tho  Thames  basin  which  lie  below  TeddLngtoi 
XjOcIt.  and  in  the  Lea  bnsin  below  Lea  liridge,  and  which  was  esti^ 
liiat«<i  by  the  last  Koyal  Oommissiou  appointed  to  inquire  into  the 
water  supfjly  of  tho  metropolis,  at  rather  more  than  67^  millions  of 
gaUoos. 

Thus  we  get  the  grand  total  of  537^  millions  of  gallons  per  day 
of  excellent  water  obtainable  within  ttie  Thames  hasin,  the  quality 
of  which  can  be  gra<luiilly  iroprovfd,  if  it  be  considered  necessary,  by 
ptnoping  from  tho  water-bearing  strata  above  Teddington  and  Lea 
Bridge  respectively,  instead  of  taking  the  total  supjdy  from  the 
open  rivers  above  those  points.  Such  a  volume  of  water  would 
scarcely  be  required  for  the  supply  of  the  whole  water  area  of  London 
at  the  end  of  fifty  years  from  the  present  time,  even  supposing  the 

Iopniatton  to  go  on  increasing  at  the  same  rate  as  it  did  in  tlio  decade 
fc8I-91,  which  is  an  assumption  scarcely  likely  to  be  veritietl. 

in  conclusion,  1  have  shown  that  the  Thames  basin  can  furnish 
an  ample  supply  for  fifty  or  more  ycjirs  to  come,  whiltit  the  quality  of 
the  spring  and  deep-Vfell  waters  and  the  filtered  river  water  would 


•  All  the  bocteriolo^oiil  illtt8lniti<>n§  uted  in  litis  dicraurHC  were  photographB 
\»%an  by  Mr.  Bnrgra*  frum  ilie  nr'timl  growths  on  the  gt-litline  plutc»;  and 
Biy  bt»l  tluuika  ar«  due  to  biin  for  the  very  skilTuI  exrcutiun  of  this  ilifflcnlt  mid 
«Wloil»  iwrk.  invoWing,  se  It  dill  lu  nmny  coac 
f  ran  boor  to  liunr. 
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be  nnimpeachable.  To  secure  these  benefits  for  the  fntnre,  storage 
mnst  be  gradaally  provided  for  11,500  millions  of  gallons  of  water, 
jndioionsly  selected  in  the  Thames  valley,  and  a  proportionate 
Tolome  in  the  basin  of  the  Lea ;  wbilEt  filtration  mast  be  carried  to 
its  atmoet  perfection  by  the  use  of  finer  sand  than  is  at  present 
employed,  and  by  the  maintenance  of  a  uniform  rate  during  the 
twenty-fonr  hours. 

There  is  nothing  heroic  in  laying  pipes  along  the  banks  of  the 
Thames,  or  even  in  making  reservoirs  in  the  Thames  basin.  They 
do  not  appeal  to  the  imagination,  like  that  colossal  work,  the  bring- 
ing of  water  to  Birmingham  from  the  monntains  of  Wales ;  and  there 
is  little  in  such  a  scheme  to  recommend  it  to  the  mind  of  the 
ambitions  engineers  of  to-day.  Nevertheless,  by  means  of  storage,  by 
utilising  springs,  by  sinking  deep  wells,  and  by  such  comparatively 
simple  means,  there  is,  in  my  opinion,  every  reason  to  congratulate 
ourselves  that,  for  half  a  century  at  least,  we  have  at  our  doors,  so  to 
speak,  an  ample  supply  of  water  which,  for  palatabUity,  wholesome- 
ness,  and  general  excellence  will  not  be  surpassed  by  any  supply  in 
the  world. 

[E.  F.] 
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WEEKLY  EVENING  MEETING, 
Friday,  Fcbroary  28,  1896. 

Edwaud    Frakklasd,   Estj.  D.C.L.  LL.D.  r.R.S.  Vice-President, 

in  the  Chair. 

John  Mdbkay.  Esq.  LLJ).  PLD.  D.Sc.  F.R.S. 

farine  Ortfattimii  and  the  CondiliofU  of  their  Environment. 

Ton  ocoan  may  bo  divided  into  tivo  great  biological  regions,  viz.  the 
■np«rfictal  region,  iaclnding  the  waters  between  the  surface  and  a 
depth  of  aUiut  100  fathoms,  and  the  deep-sea  region  extending  from 
the  100  fathoms  lino  down  to  the  greatest  depths.  The  superficial 
rogiiiu  laay  bo  snbdiTided  into  two  proyinces,  viz.  the  shallow-water  or 
nerilic  province  around  the  land  masses  where  the  depth  is  loss  than 
100  fathoms,  and  the  jwlagic  province,  embraoint;  the  euperficial 
waten  of  tho  ocean  baains  outsido  the  100  fathoms  line  ;  tiieso  two 
proTinem  contrast  sharply  as  regards  physical  conditions,  which  are 
of  great  variety  in  the  ueritic  province,  and  very  uniform  over  wide 
»reB«  in  Ihi'  pc'lagi<:  province. 

iiture    is   a  more    important    factor   in    d<?termining    the 
dl^  1  of  marine  organisms,  mostly  cold-bhjoded,  tlian  in  the 

OM*  af  terrestrial  si>c«ie8,  mostly  warm-bloo<lcd  and  air-breathing 
■kDllBalB,  the  distribution  of  which  depends  rather  upon  topographical 
fcatnrca  than  upon  climatic  conditions. 

A  map  was  exhibited  showing  the  range  of  temperature  :□ 
the  Knrfaoe  waters  of  the  ocean  all  over  the  world,  and  indicated 
northern  and  a  sontliom  circunipolar  areas  with  a  low  temperature 
and  araall  range  {under  10^  ¥.),  and  an  almost  oircumtrojiical  area 
with  a  similar  small  range  but  high  temperature ;  in  temperate 
regiunH  tho  range  is  greater,  the  areas  of  greatest  range  (over  40*^ 
F.)  being  found  ofl' the  eastern  coasts  of  North  America  and  of  Asia 
aod  Bonth  of  the  Cape,  due  to  the  mixture  of  ctirrents  from  different 
•oarcsea,  which  sometimes  caoacs  tho  destruction  of  euoriuous  numbers 
of  HMrine  in  vertebrates  and  fishes. 

TLo  jMilttgio  tropical  wntors  of  the  ocean  teem  with  various  fciniis 
of  life,  of  which  probably  70  to  80  per  cent,  function  as  pUnts, 
OOaTerting,  under  tho  influence  of  snnlight,  the  inorganic  constitueuts 
of  f  water  into  organic  compouu<l8,  thus  fonuiug  tbo  original  sonrco 
of  food  of  marine  animals  both  at  tlie  surface  and  at  tho  bottiuu  of 

tho  MA. 

The  nnmbcr  of  epcciea  living  in  the  pelagic  waters  of  the  tropics 
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may  greatly  exceed  the  number  in  polar  waters,  where,  on  the  other 
hand,  there  is  often  a  great  development  of  individuaU,  bo  that  there 
is  probably  a  greater  bulk  of  organic  matter  in  the  cold  polar 
waters  than  in  the  warm  tropical  waters.  The  rate  of  animal  meta- 
bolism is  slower  at  a  low  than  at  a  high  temperature,  and  organisms 
inhabiting  tropical  waters  probably  pass  through  their  life-history 
much  more  rapidly  than  similar  organisms  living  in  polar  regions. 
Carbunate-of-lime-Becrefiug  orgauiBms  are  most  abundant  in  the 
warm  tropical  waters,  decreasing  in  numbers  towards  the  polar 
regions,  and  it  has  been  shown  that  the  precipitation  of  carbonate  of 
lime  from  solution  in  soa-water  takes  place  much  more  rapidly  at  a 
high  temperature.  The  )>elagic  larvce  of  bottnm-liTing  species  are 
always  present  in  the  warm  surface  waters  of  the  tropics,  sometimes 
growing  to  an  enormous  size  ;  but  they  are  absent  from  the  cold  polar 
Maters  and  in  the  deep  sea,  where  the  majority  of  the  bottom-living 
species  have  a  direct  development. 

The  Arctic  fauna  and  flora,  both  at  the  surface  and  at  the  bottom, 
resemble  the  Antarctic  fauna  and  flora,  and  a  large  number  of 
identical  and  closely-related  species  are  recorded  from  the  two  polar 
areas,  thotigh  quite  unknown  in  the  intervening  tropical  zone. 

The  boundary  line  between  the  deep-sea  region  atid  the  ncritic 
province  is  marked  out  by  what  Las  been  culled  the  "  niud-Hne," 
where  the  minute  organic  and  inorganic  fiarticles  derived  from  the 
land  and  surface  wattrs  find  a  resting  plnco  upon  the  bottom,  or 
serve  as  food  for  enormous  nnnibers  of  Crustacea,  which  in  their  turn 
are  the  prey  of  fishes  and  the  higher  animals ;  this  mud-lino,  in  fact, 
apptars  to  be  the  great  feeding-ground  in  the  ocean,  and  its  average 
depth  is  about  100  fathoms  along  the  borders  of  the  great  ocean  basins. 

The  majority  of  deep-sea  species  are  mud  eaters ;  some  are  of 
gigantic  size ;  some  are  armed  with  peculiar  tactile,  prehensile,  and 
alluring  organs  ;  some  are  totally  blind,  whJLt  others  have  large  eyes 
and  are  provided  with  a  kind  of  dark  lantem  for  the  emission  of 
phosphorescent  light.  The  deejHsea  fauna  doe«  not  represent  the 
remnants  of  very  ancient  faunas,  hut  has  rather  been  the  result  of 
migrations  from  the  region  of  the  mud-line  in  relatively  recent 
geological  times. 

The  Challenger  investigations  show  that  species  are  most  abundant 
in  the  shallow  waters  near  laud,  decreasing  in  numbers  with  increasing 
depth,  and  especially  with  increasing  distance  from  continental  land.* 
This  is  true  as  a  general  rule,  especially  of  tropieal  waters,  but  in 
polar  regions  there  are  indieutious  of  a  more  abundant  fauna  in 
duptliH  of  50  tn  150  fathoms  than  in  shallower  water  under  50 
fathoms  t 


•  See  '  Cballonfier  Reporta,'  "  A  Summary  of  the  Scientific  Renults,"  by 
John  Murmy,  pp.  1430- H  30,  1895. 

t  Hee  Sliimiy,  "On  iLe  Uoi'p  iiiid  ShitHow-WnlGr  Morino  Fnuua  of  the 
Kcrsiitlen  lU'giiii\  of  the  Great  Southern  Ocean,"  Tntna.  Roy.  Boa  Kiiia. 
Vol.  xxxviii.  p.  a^a.  ItKM. 
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The  T&riouB  points  touched  npon  regarding  the  distribution  of 
luaritie  organisms,  might  bo  explained  ou  the  hypothesis  that  in  early 
j:{-oloi;:ic*l  times  there  was  a  nearly  uniform  high  tenj])erttture  over  the 
wLdIc  surface  of  the  globe,  and  a  nearly  uniformly  diBtributod  fauna 
aod  dura  ;  and  that  with  the  gradual  cooling  at  the  poles,  species  with 
pelagic  larrss  were  killed  out  or  forced  to  migrate  towards  the  tropics, 
while  tho  gteaX  majority  of  the  species  which  were  able  to  survive  in 
tite  polar  areas  were  those  itihabitiug  the  mud-liDo,  The  uniform 
physical  conditions  here  referred  to  might  be  explained  by  a<lopting 
tko  news  of  Blandet  *  as  to  the  greater  size  and  nebulous  character 
of  the  son  in  the  earlier  ages  of  the  earth's  history. 

rj.M.] 


BulL  See.  g^oL  dc  Franee,  a^r.  2,  t.  xxv.  p.  777. 18G8. 
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GENEBAL   MONTHLY  MEETING, 

Monday,  March  2,  18D6. 

Silt  Jaueb   OaicHTON-BBOWNX,  M.D.  LL.D.  F.B.S.  Troasurer   aud 
Vice-President,  in  tbo  Oliair. 

Herbert  John  Allcroft,  Esq. 

R.  Lavvrouco  Andrews,  Esij. 

Ernest  Clarke,  M.D.  B.S.  F.R.C.S. 

Mftyo  Collier,  Esq.  M.B.  F.R.C.S. 

Henry  Ernest  F'ry,  Esq. 

Mrs.  Frnucis  Graekell, 

Edwnrd  Oiminghiun,  Esq. 

Alexander  Glcgp,  Esq. 

8ir  Cameron  Gull,  Bftrt.  M.P. 

Miss  Catherine  Imrny, 

Charles  W.  Kcigliley,  Esq. 

Edward  Law,  M.D.  M.R.U.S. 

Charles  Letts,  Esq. 

Montefioro  Michollti,  Esq.  M.A. 

Reginald  Empson  Mtddloton,  Esq.  M.Iust.C.E. 

Alexander  Paino,  M.D.  B.S. 

George  H.  Sykes,  Esq.  M.A.  MlnstCE. 

William  Lloyd  Wise,  Esq.  J.P. 

elected  Members  of  the  Royal  lustitution. 

The  following  Arrangements  for  tlie  Lectures  after  Easter  wore 
annonnced : — 

Profe.'<sor  James  Sully,  M.A.  LL.D.  of  University  Collefif,  Lniidon. — Throe 
Lc>cturcB  on  Cuild-Stcdit  and  EiiircATinN  :  on  TuciiiiayB,  April  H,  21,  28. 

C.  Vbrson  Boys,  Esq.  F.U.S.  A.K.S.M.  M.H.I. —Throe  Lectures  on  BirPLBS 
IS  AiB  AND  ON  Watbb;  on  Tucadaya,  May  5,  1*2,  19. 

PBorEssoR  T.  G.  Bonnet,  D.8c.  LL.D.  F.R.K.— Two  LwtureBon  The  Bon,©- 
iva  ANT)  SoL'LHTCiu:  or  WssTMHM  EuiiOFK  (The  Tyndoll  Lecture*);  on  Tiietidayii, 
May  20,  Junu  2. 

Professor  Dewar,  M.A.  LL.D.  F.R.S.  M.Ii.I. — Tbroo  Lecturca  on  ReceKt 
CiiEiiiKiAL  PiiocriKSji ;  <>u  Tliiiriduy.s,  April  10,23,30. 

W.  GoWLANj),  Kai].  FC-S.  F.S.A,  (lute  of  the  Imperial  .Iiipanese  Mint). — Tdree 
Lectures  on  The  Art  of  Woukino  Metalu  i.s  Jai'AN;  ou  TlmrbdiuH.  May  7, 
14,  21. 

RoBEBT  MuSBO,  M.D.  M.A.  (Seoretary  of  the  Society  of  AntiqimriL-g  of  Seol- 
land). — Two  LccIutm  on  Lake  Dwellings;  un  Thursdays,  Muy  2S,  June  4. 

Priifessok  AV.  B.  KiouMONP,  R.A. — Throe  Lecturea  on  The  Vault  of  the 
Sexting  Cuapkl  :  on  Siiturdnys,  April  18,  25,  Mtiy  2. 

F.  CoBDEB,  Esq.  (Cnrotor,  Rnyal  Academy  of  MnMc). — Three  LootiToa  on 
Three  Kvotiukal  Composkrh— Bucuoz,  Wagnkr,  Li«8T:  with  Muaical  Illus- 
trntioDH  :  on  SHturdnyK,  Sluy  iK  1 6,  'I'X 

Dit  E.  A.  Wallis  BviiGB,  M.A.  Litt.D,  F.S.A.  (Keeper  of  tho  Efryptian  nnd 
Asuyriau  Atitiquitics.  British  Miistjum).— Two  Ltctiirt-a  on  The  BIokal  and 
Bbugiodh  Lit£uatuu£  of  ANcieMT  Ecvrr :  on  Saturdays,  Muy  ^^0,  June  ti. 
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The  Prhkmtb  received  since  tho  liwt  Moetiog  were  laid  on  the 
table,  and  the  tluuiks  of  the  Members  returned  for  the  same,  viz. : — 


dti  Litftri.  RtiiU.  Soma — Claaae  di  Scienze  Fisicbe,  Hatematiohe  e 
Natunli.  Atti,  SeheQuinU:  ReudioontL  2°  Secueatie,  Vol.  V.  Faao.  2. 
8TO.     1896. 

JLilrmumtMl  Soeiely,  ^oyiZ— Monthly  Notices,  Vol.  LVI.  No.  3.    ftvo.     1896. 

Bmtk  dnkittk,  BoyU  In^iUuU  D/-Joaraal,  3rd  Serie<s  Vol.  lU.  Ko.  7.    4to. 

JHMdk  Adivmamieal  Amnetation— Journal,  Vol.  VT.  Xo.  4.     8ro.     1S9G. 
OhHwij,  Biohard,  Etq.  (.the  ilid/ior)— Cocoa :  all  about  it.    By"  Uistoricua."   8yo. 

Oniridgt  Pkaimaphiral  SoeUly—ProeeeAiagB.  Vol.  IX.  No  1.    8vo.     18dU. 

1\mtra  ftWt — T  ■  '  r  Ftbrunrv,  I8d)>.    Svo. 

Ckmleal  tmd"  /  oZ-^lon'mal,  Vol.  XV.  No.  1.    Svo.    18!»6. 

fT-nilniif  fflrrri  f,     .!  i  r,,r  Febnury.  189ti.    Svo. 

Ttaemiingi,  Hot  >*io.    189S-DG. 

ONMO^fa.  rA-a.fA»i.  .*— Bulletin,  1896,  No.  1.     Svo. 

TwariioJ  01' Scicnre  for  February,  1896.    8»o. 
.ry,  I»9C.    Svo. 

rupbic  Bulletin  for  Kcbraary,  1896.     Svo, 
.iriitti  fur  Fehrunry,  1896.     Svo. 
.  !  citruary,  IhUli.    4to. 
lor  Febniiiry,  1890. 
■inial  for  February,  1896.    8vo. 
News  for  t'cbniRry,  i89t>.     4to. 
and  DruBciat  for  Fobruiiry,  18i(6.    fivo, 
■MMfCat  E:ngin<  ■  :    '  :  i»r>-,  ISitO.     fol. 

nMBieal  Engin"  bnuiry.  1»96.    Svo. 

Wwihlnl  TTi  ill         .  .      ..i.iry.  IM96.    Svo. 
KtMtrio  Plant  for  Kebruury.  l'896.    4to. 
■Mtticily  for  February,  1896.     Svo. 
■h^lMiirr  for  February,  ISlM'i.     fol. 
Etaglatwing  for  February,  18M>.     fol. 
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I  Fibmnry,  1S96.    8vo. 
■r  Kihriiiiry,  1S9(J.     Svo. 
i  Fooruiiry,  18'.*C.     Svo. 
I'Vbrwiiry,  1890.    fol. 
IfiOO. 
.  ry,  1896.    4to. 
117.1890.    Svo. 
:■■";.    Svo. 

GBictte  for  February,  1896.    8vo. 
.  1  ^  Li^ry,  1896.    8va 
fV,  IBUO.     4  to. 
•t  -D.-.  1895.    Hto, 

'lary,  IHVHi,     Svo, 
.,  lH9<i. 

■  V,  IKHC.     Kva 
IHItfl,     Svo. 
^ry,  1896.     Svo. 
,  IMMi.      fill. 

•r  Krliniary.  1896. 

<:       4t0. 

„r,r,.  I  ....-,,..,„„  o/— .lonnial.  Vol.  XX rv.  No.  119. 
Sationak  Crairatc^Dolloliiio,  No.  243.    Svu. 


Svo. 
ISIHJ. 
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Fownel,  H.  Etq.—Thb  GenenI  Medictil  Goimcil  and  Sight  Testing.    8vo.    1896. 
Franklin  InitituU — Journal  for  February,  1896.    Sro. 

Oeographieai  Society,  iioyai— Geographical  Joomal  for  Februaiy,  1896.     8to. 
GetSogieal  Society— Qoarterly  Jooriial,  Xo.  20S.    8vo.    1896. 
Greological  Literature  added  to  the  Society's  Library  doling  the  year  1895. 

8vo.    1896. 
Harlem,  SoeifU  UoUandaite  de»  Seieneea — ^Arcbives  N^rlandaiaes,  Tome  XXIX. 

LiTT.  4«,  S*.    8vo.    1896. 
Heneage,  Charlet,  E$q.  (the  Trandatcr) — Anstrian  PiDcedore  re  Curatel,  and 

Habitual  Dmnkards  in  Austria  and  the  Curatel  Prooeduie.    By  Professor 

Schlangenhausen.    8vo.    1896. 
Imperial  Itutitute — Imperial  Institute  Journal  for  February,  1896. 
Joktu  Hopkin$  Univer$ity — American  Chemical  Journal,  VoL  XVIEL  Na  2.  8va 

1896. 
Maneheifer  Steam  TJteri  Auociation — Kitchen  Boiler  Explosions.    8to.     1896. 
MoMoehtueU*  Iwtitute  of  Technology — Technology  Quarterly  and  Proceedings  of 

the  Society  of  Arts,  Vol.  VIII.  No.  3.    8va    1895. 
Maihieton  and  Son$,  Meurt.  F.  C.  (,the  PubliiherM)— Stock  Exchange  Values ;  a 

decade  of  finance;  1885-95.    By  F.  Van  OSS.    8to.    1895. 
Indian  Bailwny  Companies,  1896.    By  E.  W.  Montgomery.    8va    1896. 
Mathieson'a  Monthly  Mining  Handbook.    1896.    8to. 
Odontologieal  Society  of  Great  ^niatn— Transactions,  VoL  XXVIIL  No.  3.    8to. 

1896. 
Pharmaeeutieal  Society  of  Great  Britain — Journal  for  February,  1896.    8to. 
Phgiieal  Socirfy— Proceedings,  VoL  XIV.  Part  2.    8vo.    1896. 
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WEEKLY  EVENING  MEETING, 
Fridaj  Much  6,  1396. 

StB  Bbkja^kibi  Bakkb,  K.C.M.O.  LL.D,  F.R.S.  M.  Inbt.  C.E. 
Manager,  in  the  Chair. 

ALKXAMDKa  R.  BiivKiK,  Esq.  M.  Lnst.  C.E.  F.G.S.  M.Rl. 
Chief  Eugiuoor  L.O.C. 

Tka  Tummci  under  tha  Thame$  at  Blackball. 

Tn  tubjrct  of  this  ovcning's  disci  >nrse,  the  tuunel  umler  the  Thames 
•t  BUckwall,  at  once  dotinos  au<l  uujtowb  it  to  an  accuunt  of  tho 
OMMtructiim  of  a  sabaqneoas  tiinnci ;  and  although  I  shull  duscribo 
tb«  wbolo  work,  yet  my  reinarke  will  Ixi  more  particularly  directed  to 
that  part  uf  tho  tnonttl  which  is  Bitimto  uuder  tbo  Thames.  A  tuunel 
niay  b«i  defined  as  n  horizontal  or  inclined  subternmeati  perforation 
or  \-  ■  rurally  confitrncted  fur  the  accommodation  of  a  roadway, 

B  r.»  ;i  canaL     It  will  l>o  noticed  that  I  use  tho  word  perfora- 

tirin  or  tM>iiu^,  by  which  I  mtan  a  subterranean  excavation  carriL>d 
(nit  ill  a  bor>Z4jotal  or  inclined  dirootion  underground,  either  from  ita 
tiru  ends  or  from  the  bottoms  of  dhufts  sunk  to  the  proper  depth  upon 
tta  c«a>tre  line.  I  make  this  detinition  to  prevent  confusion  with 
■noUuir  reiy  similar  olasa  of  work,  to  which  I  shnil  have  to  allude, 
wliioh  it  eonstmcted  by  first  sinkini^  or  digging  a  horizontal  trench 
lo  Um  required  depth,  in  which  the  roa<lwtiy  is  forniod  and  arched 
o«ar,  tb«  excavation  or  trench  afterwards  being  tilled  in  above  it. 
TU*  ibmIo  of  oonstruction  is  termed  cut  and  cover  work,  and  is  the 
waj  ia  which  the  g^wera  in  our  streets  are  generally  built,  and  moet 
of  cor  underground  railways  were  carried  out  as  cut  and  cover  work. 

In  tunnelling,  tboreforo,  at  the  outset  of  our  description,  I  wish 
jo«  to  bear  in  mind  that  the  work  divides  itself  naturally  into 
two  main  portions  :  (X)  tho  excavation,  digging  or  blasting  of  the 
matorial  to  be  removeo  ;  and  (2)  into  lining  or  arcliing  in  the  oxca- 
valioD,  an  UN  to  provcnt  the  sides,  top  and  bottom  from  fulling  in  or 
betag  prnuHid  upwards  by  the  weight  of  thu  HU|icnucumbent  earth 
at  rook.  It  will  at  once  be  noticed,  therefore,  that  tho  mode  of  con- 
flraetiog  any  particular  tunnel  will  differ  vory  much  according  to 
the  nataru  uf  tlio  material  to  l>e  excavated,  bo  it  rock,  clay,  gravel,  or 
naickflaad,  and  that  in  construction  the  whole  work  will  be  rendered 

\  BMTO  e«J>itly  and  diflicult  if  it  has  to  be  carried  through  ground 
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highly  chargc^l  with  water ;  and  whon,  oa  in  tho  caso  of  tho  Blackwall 
Tiinnol,  it  Los  to  bo  executed  through  gravel  under  a  wide  river  like 
tho  ThaniBEi,  the  cost,  difficulty  and  dangers  of  tho  work  approach 
tho  limit  of  engineering  skill  to  carry  it  BUcceRsfully  to  completion. 

It  will  Ix)  at  onco  obvious  that  if  tlie  tunnel  is  of  any  considerablo 
size,  and  the  soil  to  be  excavated  is  of  a  soft  nature  such  as  clay,  sand, 
gravel,  or  tlie  like,  considerable  difScuIty  will  be  experienced  in 
BUpporting  the  face,  sides  and  top  of  tho  excavation,  before  the 
lining  is  built  into  its  placo.  If  tho  work  be  of  small  dimensions  it 
is  often  called  a  heading,  and  its  top  is  supported  on  cross  timbers 
resting  on  side  props.  Should  it,  however,  bo  of  larger  size,  the 
timbering  becomes  much  more  complicated  and  costly,  and  requires 
great  skill  in  its  design  and  management.  Whon,  between  the 
years  1818  and  1826,  Sir  Mark  Isambard  Brunei  was  thinking  ont 
the  m«lo  of  constructing  tho  old  Thames  Tunnel  between  Rother- 
hithe  and  Wappiug,  ho  designed  several  pieces  of  apparatus,  which 
ho  termed  shields,  to  obviate  the  uso  of  all  the  mass  of  timber 
usually  rx^quirod.  Some  contrivance  of  this  description  beoamo 
necessary,  for  it  was  imperative  that  as  far  as  possible,  if  settle- 
ments or  subsidences  in  the  bed  of  the  river  were  to  be  avoided, 
no  more  material  should  be  excavated  than  was  jnst  required  to 
receive  the  brickwork  of  the  tmineL  Besides  which,  it  is  very  pro- 
blematical if  the  mode  of  timbering  usually  adopted  would  withstand 
tho  varying  strains  to  which  it  would  be  subjected  under  the  varying 
pressures  duo  to  the  different  depths  of  water  at  high  and  low  tide. 
The  shield  he  ultimately  adopted  was  a  structure  of  iron,  which  could 
be  pushed  forward  in  front  of  tho  work  as  it  progressed,  a  modol  of 
which  stands  on  the  table.  It  was  so  designed  as  to  afford  platforms 
on  which  the  men  could  work  at  different  lovcls  ;  it  afforded  a  means 
of  supixtrting  the  face  and  roof  during  oicavatioa,  and  a  place  of 
safety  in  tho  roar  of  the  shield  in  which  the  brickwork  of  tho  tunnel 
could  bo  built  up,  and  it  could  be  pushed  forward  gradually  in  scctiong 
by  means  of  screw-jacks,  I  have  now,  I  hope,  made  clear  the  general 
subject,  and  must  proceed  to  the  particular  work  before  us  to-night. 

Position  of  the  tunnel. — During  tho  paat  ninety  years  many  pro- 
posals have  boon  mode  for  crossing  the  Thames  below  London  Bridge, 
where  the  port  of  London,  with  its  river,  ships  and  docks,  forms  a 
barrier  to  vehicular  or  pedestrian  traffic  betwoon  its  opposite  banks. 
Tho  first  work  of  tho  kind  attempted,  but  not  completed,  was  Vazes' 
tnnnol  at  Liraohoaso,  in  1805.  Wo  then  have  Brunei's  tunnel,  1825 
to  1811.  Then  tho  Tower  Subway  for  foot  possengorB,  7  feet  in 
diameter,  carried  through  the  London  clay,  in  1863-70,  by  Messrs. 
Barlow  and  Greathead.  And  finally,  the  late  Metropolitan  Board  of 
Works  obtained  an  Act  in  1887  to  construct  a  tunnel  under  the 
Thames  at  Blackwall,  six  miles  from  Loudon  Bridge.  This  tunnel 
crosses  tho  river  1 J  miles  below  Greenwich  and  3  miles  above  Wool- 
wich, and  will  bring  these  growing  and  populous  places  into  direct 
communication  with  Foplar  and  the  East  and  West  India  Docks  on 
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the  notih  side  of  tbe  Tbftxnes.  The  section  of  the  tunnel  shows 
that  tX  ibis  point  the  rirer  is  1200  feet  in  width  and  46  feet  in 
3q)th  ftt  high  water ;  and  borings  revealed  the  fact  that  although 
the  London  cla7  was  present  on  both  banks  of  the  river,  yet 
that  the  tannel  mnst  pass  below  it  into  the  sands  and  clays  of  the 
Woolwich  series,  and  fur  a  considemble  distance  throngh  a  bed  of 
gravel  which  apparently  filled  an  older  and  deeper  river  bed.  Not 
only  bad  the  river  to  be  passed  nnder,  bnt  it  will  be  noticed  that  it  is 
embanked,  and  that  what  were  the  old  marshes  on  each  side  ore  below 
the  level  of  high  water  in  the  river.  Further,  it  will  be  observed  from 
the  section  that  tbe  soil  of  these  marshes,  to  a  depth  considerably 
below  that  of  low  water  in  the  river,  consists  of  vegetable  soil,  peat, 
■and  and  gravel,  all  of  them  highly  charged  with  water.  Under  this 
!•  tbe  London  clay  with  its  base  beds  of  impure  limestone  full  of 
foaailB,  and  then  the  sands,  clays,  &c.,  of  the  Woolwich  beds  ;  all  these 
beds  were  under  tbe  full  pressure  of  water  duo  to  the  varying  tidal 
level,  and  in  their  natural  state  so  saturated  were  some  of  the  beds  of 
•and  as  to  convert  them  into  quicksands. 

Bat  undoubtedly  the  most  serious  obstacle  was  the  largo  deep  bed 
of  ooene gravel  with  but  little  sand.  This  gravel  was  open  and  fully 
Mtar»t«d  with  the  river  water,  and  as  tbe  bottom  of  the  tunnel  was 
to  he  80  feet  below  high  water  it  was  certain  that  a  pressure  of  about 
85  lbs.  on  the  square  inch  would  have  to  be  encountered.  This, 
bowever,  was  not  the  only  difficulty,  fur  it  was  clear  that  if  the  water 
«oald  find  on  easy  entrance  to,  and  flow  among  the  gravel,  air  would 
•Iso  OS  easily  escape  from  it.  It  wns  obvious,  therofore,  from  the 
tbat  the  tunnel  would  have  to  bo  constructed  under  difficulties 
before  contended  with,  cither  in  the  construction  of  brnnel's 
tmmel  at  Botherhithe  or  elsewhere.  Moreover,  it  was  evident  that 
xto  ordinary  mode  of  tunnelling  could  bo  adopted,  and  tbat  some 
description  of  shield  would  be  required.  Also,  from  the  diiScultiea 
Bet  with  by  Brunei  at  the  much  easier  site  at  Itotherhitho,  that  soma 
■kote  than  ordinary  measures  would  have  to  be  resorted  to  to  keep 
oat  the  inflow  of  water  in  passing  under  the  river  and  through  tho 
gravel  XmmI  abovo  referred  to.  It  was  coasoqucntly  determined  to  use 
coapnoaed  air,  as  had  been  first  suggested,  iu  his  patent  of  ll<i30,  by 
Adnnl  liord  Cochrane  (Earl  Dundouald),  and  which  hod  been 
rooooesfnUj  nsed  nnder  Lake  Michigan  and  the  Hn<l8on  River  at 
Kew  York,  as  well  as  at  tho  tunnel  under  the  Saint  Clair  River,  and 
Ml  a  portion  of  the  City  and  South  London  Railway  at  StockweU. 
AAtr  oooBSoltation  with  Sir  Benjamin  Baker  and  Mr.  Greathoad,  tho 
taal  Atmpi  was  determined  upon,  and  the  contract  was  let  by  tho 
Im^m  &imty  Council  to  Messrs.  S.  Pearson  and  Son  for  871,000^. 
milj  in  1891. 

Tbe  whole  work  is  C200  feet  in  longth  ;  the  incline  ou  tho  south 
Of  if^t  aide  of  tbe  river  is  on  a  gradient  of  1  in  36  and  bos  a  run  of 
M06'8  foet :  the  portion  under  tbe  river  for  a  distance  of  1212  feet  is 
UrnL  n-^  tbe  north  or  Middlesex  inclino  has  a  gradient  of  1  in  34  for 
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ft  length  of  2579  ■  6  feet.  In  other  words,  the  inclined  approaches 
will  not  be  bo  steep  as  parts  of  St.  James's  Street  and  Regcut  Street, 
nnd  very  mncb  lees  so  than  the  east  gi<le  of  Trafalgar  Square  opposite 
Morley's  Hotel ;  they  will,  however,  be  about  equal  to  that  of  the 
Hiiyraarket.  The  wurk  may  be  divided  into  three  portions :  open 
approaches  with  side  walls ;  cut  and  cuver  arched  over  with  brickwork ; 
and  tunnel  proper  composed  of  cast-iron  rin>;s  lined  with  concrete 
and  faced  with  white  glazed  tiles,  all  the  other  parts  of  the  work 
being  faced  with  white  glazed  bricks. 

The  lengths  of  the  various  portions,  inolnding  the  shafts,  are  as 
follows : — 

Open  appTOAch      1735 

Cut  ana  cover       1382 

Ca5t-iruD  tuonel 3083 

6200 
or  a  total  of  a  little  over  1  mile. 

To  facilitate  the  work,  so  as  to  permit  of  altering  its  direction, 
which  it  would  be  difficult  to  do  by  means  of  a  long  curve  in  a  tunnel 
of  this  description  lined  with  cast  iron,  and  to  secure  ventilation, 
there  are  four  shafts  varying  in  depth  from  76  to  98  feet,  and  having 
an  interual  diameter  of  48  feet, 

Tiie  tunnel  proper  is  circular  in  cross  section,  27  feet  ontsido 
diameter,  or  6  feet  larger  than  that  of  St.  Clair  (the  largest  hitherto 
constructed),  built  up  of  fourteen  cast-iruu  segments  aud  a  key-piece  ; 
each  complete  ring  of  segments  is  2  feet  6  inches  in  width.  The 
tbicknoRB  of  the  cast  iron  is  2  inches,  the  dnnges  are  12  inches  in 
depth,  measured  from  the  outside,  and  each  segment  weighs  about 
one  ton.  The  joints  are  brought  to  a  true  ami  even  surface  by 
machine  planing,  aud  all  are  bultcd  to  each  other  and  to  the  adjacent 
cast-iron  rings  by  wrouglit-iron  bolts  and  nuts.  To  ensure  that  the 
cast-iron  plates  Imvc  a  firm  abutment  upon  and  against  the  surround- 
ing earth,  thero  is  a  hole  near  the  centre  <»f  each  fitted  with  a  screw 
plug  through  which  grout  is  forced  as  will  be  presently  described. 
The  iuttrual  edges  of  the  flanges  of  the  plates  are  recessed  for  a 
depth  of  li  inches,  and  after  they  arc  fixed  in  position  and  bolted 
together  this  recess  is  filkd  and  caulked  with  ruwt  joint  cement  com- 
posed of  iron  borings  and  Ral-ammoniac.  The  spat^e  between  the  flangr.s 
and  for  a  (.listance  of  4^  inches  bt^yond  in  front  is  filled  up  solid 
with  Portland  ccuvtiit  concrete  faced  with  white  glazed  tiles,  so  that 
the  effective  di!UiRt<-r  of  the  tunnel  is  24  foot  3  inches.  Within  this 
the  road  of  IG  f^ft,  with  two  foot-paths  each  3  feet  IJ  inches  in  width 
is  formed,  resting  on  on  archod  subwuy  12  fec-t  in  width  and  5  feet 
6  inches  in  height  for  the  reception  of  water  pipes.  There  are  also 
projyer  drains  for  the  road,  and  channels  fur  smaller  pipes  for  road 
cleansing,  Ac.  This  road  of  IG  feet  will  be  of  the  same  width  as  parts 
of  Little  Queen  Street,  Holbom,  and  King  Street,  Westminster,  and 
of  a  greater  width  than  parts  of  Drury  Lane,  Fetter  lane,  Upper  and 


vm\ 


em  the  T\imtut  under  tke  Tluxma  at  BlaekaaU. 


85 


Loiter  Tbames  Street,  London  Wall,  Loinb«rd  Street  and  Thrend- 
aatile  Street,  mxid  as  there  will  be  no  occasion  for  stopping  at  shops, 
Loom*  Mid  atreet  corners  it  should  bo  ample  for  tnro  lines  of  the 
kigesl  Tehieles.  Sbonid  the  traffic,  however,  increase  beyond  tba 
(•pacity  of  the  tannnl.  land  has  been  secured  for  the  construction  of 
anotber  and  parallel  lino  of  tunnel.  The  road  will  be  paved  with 
asphalt  in  the  level  portion  under  the  river  and  with  granite  laid  in 
lar  and  pitch  on  the  inclined  approaches. 

The  whole  work  underground  will  be  lighted  by  threo  rows  of 
incandescent  32  candle-power  electrio  lamps  placed  alternately 
10  feet  apart  on  the  common  centre  line,  no  gas  being  admitted  to 
may  portion  of  the  tunnel.  The  cut  and  cover  portions  of  the  work 
are  formed  of  brickwork  varying  in  thickness  from  18  inches  to 
2  ftjet,  this  is  covered  with  1^  inches  of  asphalt  and  backed  with 
S  het  of  Portland  cement  concrcto,  giving  a  thickness  nt  the  thinnest 
put  of  3  feet  d  inches.  lutemally  the  cut  and  cover  portions 
will  in  all  respects  resemble  that  of  the  tunnel  proper  formed  in 
oaat  iron.  The  open  approaches  above  referred  to  are  flanked  with 
imttU^t^  rstaining  walU,  faced  with  white  glaze<l  bricks,  carrying 
•  U^  ftase  wall  with  Ktone  co])in».  At  each  extremity  the  tunnel 
wQl  te  epproBched  throngh  an  arclied  gateway  supporting  the  lodge- 
kseper's  bouse ;  there  will  also  be  t-tairway  acc<iss  at  the  junction 
of  tb»  opea  approach  with  the  cut  ami  cover,  as  well  as  stairways 
down  oaa  of  the  ahafu  on  each  side  of  the  river.  The  shaft  near 
Ab  river  on  the  soutli  side  being  in  private  property  is  domed 
Ofw  and  a  ventilating  chimney  carried  up  from  it ;  the  similar  shaft 
BMT  the  river  on  the  north  side  is  devoted  to  administrative  and 
voriking  parposes  such  as  pumping,  elevating,  lighting,  &o.  Each 
shaft  is  68  feet  outside  and  48  feet  insiile  diameter  and  is  formed  as 
it  wero  of  two  skins  of  riveted  wrought  ironwork  ;  the  two  skins  are 
bneed  aod  h«ld  together  by  wrought-iron  struts  and  ties,  the  space 
betWMO  them  being  filled  in  solid  with  Portland  cement  concrete. 
Nar  tfao  lower  extremity  of  each  shaft  its  walls  are  perforated  by 
two  Ofmaxagn  29  feet  4  inches  in  diameter.  These  openings  are  for 
the  panoae  of  forming  junctions  with  the  tunnel,  and  were  tempo- 
fsrify  cjoaed  during  the  time  the  shafts  were  being  sunk  by  means  of 
large  wronght-iron  pings.  At  a  distance  of  8  foot  from  the  bottom 
tiM  inner  akin  is  b^t  outwards  to  join  the  outer  skin  and  together 
farm  a  eOBparatively  sharp  cutting  edge.  All  the  shafts  will  be  line<], 
wben  finiebed,  with  white  glazed  brickwork.  The  shafts  were  sunk  in 
the  ibllowiog  manner.  Having  been  built  up  to  a  considerable 
baigbt  above  the  snrface  of  the  ground  in  th(!  positions  they  were  to 
eeeopy,  the  earth,  clay,  sand,  Ac.  were  excavated  within  the  ciroum- 
Afeaee  of  the  shafts  and  from  below  the  cutting  edge,  and  as  this 
I  of  excavation  proceeded,  the  shaft  sank  into  the  ground  partly 

Ha  own  weight  and  in  some  oases  assisted  by  additional  weight 

npon  it     When  the  final  level  was  reached  the  bottom  for  a 

et  18  feet  was  filled  in  with  concrete,  in  which,  and  attached  to 
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the  walls  of  tho  shaft,  was  fixed  a  water-tight  wronght-iron  floor.  Ab 
the  janction  between  the  tnnnel  and  shafts  nearest  to  the  river  had  to 
be  mode  under  compressed  air,  provision  was  made  for  fixing  tempo- 
rarj  air-tight  floors  at  a  level  of  a  few  feet  above  tho  cruwu  of  the 
tunnel.  These  air-tight  floors  were  held  down  by  wrought-iron  girders 
12  foct  and  4  feet  in  depth  secnretl  to  tho  sides  of  the  shafts  so  as  to 
prevent  the  floors  from  being  blown  upwards  under  an  air  pressure 
of  4000  tons. 

I  think  that  I  have  now,  in  its  main  outlines,  described  the  prin- 
cipal features  of  the  work,  and  must  proceed  to  give  some  account  of  tlie 
mode  of  its  construction.  In  doing  this,  I  shall  have  first  to  doscribe 
the  shield  and  then  the  mode  of  working  it  under  compressed  air.  This 
shield  is  a  structure  of  steel,  cylindrical  in  shape,  19  feet  6  inches  in 
length  and  27  feet  8  inches  outside  diameter.  It  is  stiffened  by  two  cir- 
cular partitions  3  foot  apart,  and  its  forward  or  working  face,  which 
preeses  against  the  material  to  be  excavated,  is  divided  into  twelve 
pockets  or  cells,  by  three  horizontal  and  three  vertical  partitions.  It  is 
within  these  spaces,  which  are  six  feet  in  height,  that  the  men  work. 
Between  the  two  circular  stifiening  partitions  are  formed  air-locks  and 
shoots  for  passing  out  tho  excavated  material.  Arranged  round  tho 
inner  circumforeuoe  of  tho  shield  and  attached  to  it  and  tho  circolu* 
partitions  are  disposed  twenty-eight  hydraulic  rams  8  inches  in 
diameter,  for  tho  purpose  of  pressing  or  poshing  the  shield  forward. 
In  the  rear  of  the  shield,  or  that  portion  of  it  which  faces  the 
completed  tunnel,  is  a  space  which  is  merely  enclosed  within  tho 
outer  skin  of  the  shield ;  this  space  is  called  the  tail  of  the  shield  :  it 
always  overlaps  by  2  feet  6  inches,  or  one  cast-iron  ring,  the  last 
completed  portion  of  the  tunnel,  and  within  it  are  built  up  the  various 
rings  of  iron  with  which  the  tunnel  is  lined.  Attached  to  tho  back 
or  rearward  part  of  the  two  circular  stiffening  partitions  and  pro- 
jecting into  the  tail  of  tho  shield  are  two  hydraulic  erectors  for 
placing  the  segments  of  the  rings  in  position.  There  are  two  vertical 
rams  which  cause  a  rackwork  to  move  up  or  down  in  a  vertical 
direction.  Thoso  racks  gear  into  a  pinion  which  carries  an  arm. 
Consequently,  the  vertical  motion  of  the  rack  causes  the  arm  to  move 
through  an  arc  of  a  little  over  180°.  This  arm  carries  another  ram 
by  which  the  arm  can  bo  lengthened  or  shortened  as  desired.  In 
working,  the  end  of  the  arm  can  be  attached  to  the  lag  or  projection 
cast  on  the  centre  of  the  inner  side  of  each  segment,  where,  by  the 
turning  and  lengthening  motion  of  the  arm,  the  sogmeut  can  bo 
placed  in  any  desired  part  of  the  ring.  Tho  shield,  weighing  about 
250  tons,  was  built  in  an  excavation  at  the  tap  of  shaft  No.  4,  and 
when  completod  its  ends  were  closed  with  timber  to  moke  it  water- 
tight and  it  was  floated  into  shaft  No.  4,  which  had  been  filled  with 
water.  The  water  mob  then  pumped  out  of  the  shaft,  and  as  the  water 
fell  the  shield  floating  on  its  surface  gradually  doscended  until  it 
rested  oo  the  buttom. 

As  above  described   it  will  be  noticed  that  the  twelve  working 
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cells  or  poekeito  «ro  opeo  in  front,  and  the  shield  is  so  used  in  hard  or 
■tiff  groond,  bat  ia  the  gnrel  beds  the  working  face  has,  except  vl 
the  (rsca'vatioa  is  in  progress,  to  be  retj  carefolly  closed  with 
wion^t-iron  shatters  seeiDwl  with  screws  as  shown  on  the  owction,  the 
aode  of  working  which  will  be  presently  described. 

Oosipressed  Air. — ^We  all  know  that  air  at  the  sea-IoTel 
with  a  force  of  from  14j  to  15  lbs.  per  eqoaro  inch,  mad  can  siippor 
a  column  of  menmrj  of  from  30  to  81  inches  in  height.      We  know  j 
that  it  has  bulk,  for  if  we  invert  a  tnmbler  in  a  basin  of  water  there 
will  still  be  a  space  filled  with  air  into  which  tho  water  cannot  enter.) 
If  we  tr;  tbe  experiment  we  shall  find  that  this  air  space  will  ba] 
letger  or  smaller  depending  on  the  depth  to  which  we  immerse  the] 
luablcr,  cooseqnently  we  see  that  air  is  an  elastic  body.   By  properlj  j 
ouiMllucted  air-oompreasiiig  pamps,  we   can  force  air  down  into  si 
^ving  bell  until  all  the  water  is  expelled  from  it  and  the  snrploe] 
eeoepas  throogh  the  open  bottom  of  the  bell.     If  wc  then  measure  the  [ 
•Boait  of  compression  of  the  confined  air,  we  shall  find  it  eqmralent 
to  tbe  weight  of  a  colmuQ  of  water  equal  to  the  area  of  the  open 
bottooi  of  the  bell  and  as  high  as  the  depth  of  the  water. 

It  having  been  decidod  to  use  compressed  air  to  keep  oat  the 
vatar  from  the  tunnel  daring  its  construction,  tbe  question  arose,  what^ 
kaviag  regard  to  the  health  of  workers,  was  the  highest 
wUdi  could  be  adopted  with  safety,  as  on  this  clearly  depended  the 
gliieliml  depth  to  which  the  bottom  of  the  tunnel  and  shafts  oould  be 
earned.  In  going  into  the  matter,  it  was  evident  that  it  would  not 
be  a  case  of  one  or  tn'o  men  occasionally  going  down  to  perform 
•oae  tcmpcRsiy  work,  but  that  gangs  of  from  sixty  to  eighty  men 
■noli  have  to  be  kept  »t  work  night  and  day,  for  many  months,  con- 
aef  aaotly  a  safe  maximum  had  to  be  arrived  at.  In  places  in  America,  i 
BMB  had  norked  under  a  pressure  of  48  lbs.  per  square  inch  above ' 
the  atiDoq>heno  pressure,  that  is,  63  lbs.  absolute ;  at  Stockwell  on 
the  Oitj  and  South  London  Bail  way  it  was  about  15  lbs. ;  and 
aller  moay  inqoiriee  33  lbs.  per  square  inch  or  50  lbs.  absolute  was 
dutmimned  apon. 

I  have  stated  it  in  this  way  because  in  addition  to  whatever 
artificial  presenre  we  may  apply,  it  must  be  borne  in  mind  that  we 
Always  have  tho  initial  pressure  of  tho  atmosphere  to  work  under, 
which  ia  about  15  lbs.  per  square  inch.  In  what  follows,  however,  I 
ohall  apeak  only  of  the  artificial  pressure,  leaving  it  to  be  understood 
tii^  ^n  always  have  tbe  natural  pressore  in  addition.  If  tbe  extreme 
safe  ptManre  be  fixed  at  35  lbs.  per  square  inch,  it  follows  that  the 
bottom  of  the  tunnel  must  not  go  lower  than  80  feet  below  high 
water  mark.  This  being  settled,  tbe  next  point  to  be  decided  was  how 
large  odohi  wo  make  a  circular  tunnel  so  that  it  did  nut  project 
npwatds  throogh  the  gravel  into  the  river.  In  other  words,  what  was 
ifcg  f^t,  <  of  cover  that  could  be  allowed  over  the  top 

gf  {]jg  t,     .  .  11  it  and  tho  river  bed.     This, after  much 

eoMtdaistioin,  was  pruviaiunally  fixed  at  6  feet,  but  in  contitruction, 
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the  loast  depth  was  Bomewhat  less.  It  was  due  to  these  coDsidera- 
tioDB  coupled  with  the  widths  of  the  basy  streets  aliove  spoken  of 
and  the  size  of  the  largest  vehicles,  such  as  furniture  yans,  &o., 
that  the  outside  diameter  was  fixed  at  27  feet. 

Having  now  described  the  work  and  some  of  the  main  conditioiiB 
under  which  it  had  to  be  constructed,  yon  will  have  noticed  that  to 
keep  out  the  water,  comprossed  air  is  employed,  and  that  to  drive  the 
shield  forward,  hydraulic  pressure  is  used,  the  maeljinory  for  which 
requires  a  few  words  of  description.  For  the  purpose  of  air  com- 
pression, six  steam  engines  and  air  pumps  are  prtmdod,  and  these  are 
situate  oa  the  south  bank  of  the  river  noar  shafts  Nos.  3  and  4.  They 
have  a  united  capacity  of  1500  horse-power,  but  only  about  1000  to 
1200  horso-power  are  used  continuously  as  ono  engine  has  to  bo  kept 
idle  in  cose  of  accident  or  breakdown.  When  working  at  1000  to 
1200  horse-power,  these  engines  and  pumps  force  into  the  tunnel 
about  8000  cubic  feet  of  air  per  minute,  or  17  tons  weight  per  hour. 
The  air  from  these  various  engines  is  first  conducted  into  a  wrought- 
iron  reservoir  28  feet  in  length  and  7  feet  in  diomettT,  formed  like  a 
steam  boiler.  The  first  effect  of  compression,  it  is  needless  tt)  say,  is 
to  raise  the  temperature  of  the  air  very  much,  in  fact  to  about  30°  or 
100"  F.,  consequently  before  it  can  be  conducted  into  the  tunnel  it  has 
to  be  cooled  by  passing  it  through  a  series  of  smallor  tubes  surroande<l 
with  cold  water  like  the  surface  condenser  of  a  steam  engine.  From 
the  coolers  it  is  led  in  pipes  down  shaft  No.  4  and  along  the  tunnel 
through  the  air-tight  bulkhead,  presently  to  be  dealt  with,  to  the 
working  face. 

In  describing  the  shield,  I  mentioned  that  it  weighs  about  250 
tons,  and  that  it  has  to  be  thrust  forward  as  the  excavation  is  com- 
pleted by  the  twenty-eight  hydraulic  rams  which  abut  or  press  upon 
the  last  completed  ring  of  the  tunnel.  To  produce  the  necessary 
total  pressure  of  about  2800  to  3000  tons  an  hydraulic  pressure  up  to 
25  tons  per  square  inch  has  to  bo  maintained,  This  is  developed  by 
two  hydraulic  engines  of  70  horse-power,  and  transmitted  in  pipes 
down  shaft  No,  4,  along  the  tunnel  and  through  the  air-tight  bulk- 
head to  the  working  faco. 

I  have  previously  spoken  of  a  certain  structure  which  I  have  called 
the  air- tight  bulkhead.  This  I  must  now  dcscrilw.  It  is  clear  that  if 
we  are  to  use  the  compressed  air  in  the  tunnel  to  press  against  the 
working  face  and  keep  out  the  water,  it  must  in  some  way  he  con- 
fined, or  it  would  rush  out  backwards  and  esca[)e  up  the  shaft.  To 
confine  the  air  in  the  tunnel,  temporary  air-tight  walls  or  partitions 
called  bulkheads  are  built  across  it.  As  those  have  to  bear  an 
outward  thrust  or  bursting  pressure  of  about  1000  tons,  they  are 
formed  of  massive  walls  12  feet  in  thickness,  built  of  brickwork  in 
Portland  cement.  It  is,  however,  obvious  that  they  must  not  be 
solid  but  must  have  moans  of  access  formed  to  allow  of  entrance 
and  exit  both  for  men  and  materials.  To  permit  of  tliis  access 
air-locks  have  to  be  formed  through  the  bulkhoad.     These  are  for 
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a  similftr  pmrpose.,  and  act  in  a  like  muiner,  to  the  locks  on  a  canal. 
la  one  case  we  liavo  to  overootne  a  difference  of  water-level,  and 
is  the  other  a  difference  of  pressore  between  that  of  the  ordinary 
atmosphere  outaide  and  the  Marking  pressure  produced  by  the 
air-onin{treG8ing  engines  inside  the  bulkhead,  be  it  20,  26,  or 
30  Iba.  per  aqnaro  inch.  The  air-Iocka  consist  of  wrought-iron 
ojlindera,  IS  feet  in  length  and  6  feet  in  diameter,  securely  bdilt 
into  the  brickwork  of  the  bulkhead.  There  are  two  of  these  air- 
loeka  at  the  level  of  the  road  near  the  bott^im,  each  provided  with  two 
doon  6  feet  by  4  feet  fixed  at  either  end  of  the  lock  and  opening 
inwarda  towards  the  pressure  inside.  There  is  another  but  smaller 
air-lock  placed  near  the  top  of  the  tunnel  to  permit  of  eacapo  in  case 
of  accident.  Snpposin?  yon  wieh  to  enter,  the  outer  door  is  open, 
but  the  inner  one  closed  and  pressed  against  by  a  foroe  of  say  30  tons. 
It  is  clear  that  you  cannot  open  this  door  until  you  have  equalised 
the  preaanre  on  both  aides  of  it.  To  do  this  yon  enter  the  lock  and 
eloae  the  outer  door  to  prevent  the  escape  of  air,  after  which  a  tap  or 
flock  is  opcuod  which  permits  the  compressed  air  from  inside  to  rush 
into  the  l<>ck  until  the  proasnre  within  it  ia  equal  to  that  on  the  inner 
■ids  of  the  b.ilkhead.  As  Boon  as  this  equality  is  established  the 
taaar  door  can  be  opened  and  you  stop  into  the  working  pressure. 

Vtait  to  tie  Tunnel. — In  attempting  to  describe  the  work  of 
fualimitinn,  I  do  not  think  I  can  do  better  than  in  imagination  to 
tettimei  Too  over  tho  Wurk  daring  a  visit  of  inspection.  It  is  first 
oaeeaaary  for  ladies  and  gentlemen  alike  to  put  on  waterproof  boots, 
woollen  ovcnlls  and  caps  so  as  to  keep  dry  and  clean ;  these  are  in 
rriliiifT  for  the  purpose  at  the  tunnel.  Descending  by  the  steps  at 
the  cod  of  the  open  approach  on  the  south  side  of  the  river,  we  pasa 
far  over  300  yards  through  the  finished  cut  and  cover  portion  of  the 
wrr'  ---'  >tave  an  opportunity  of  noticing  what  will  bo  the  general 
*i'  >earance  of  the  interior  of  the  tunnel,  and  that,  although 

it  iH  ail  ['flow  high-water  mark  and  its  lower  end  beneath  the  level 
of  the  bed  of  the  river,  yet  it  is  quite  dry  and  dusty  under  foot.  On 
raaeldlig  the  bottom  of  shaft  No,  4  the  large  steam  pumps  for  lifting 
•oi  tha  water  during  constniction  will  be  noticed,  for  it  must  bo 
■bared  that  although  the  work  when  finishctl  will  be  quite  dry 

water-tight,  yet  during  construction,  oven  with  the  use  of  com- 
air,  a  largo  volume  of  water  enters  the  wcjrk  and  has  to  be 
cqC  rid  of.  This  mainly  arises  from  tlie  fact  that  the  difference  in 
faydmatatic  external  pressure  due  to  the  27  feet  in  height  of  the 
ahield  amoonts  to  about  12  Ib^.  per  square  inch.  8o  that  if  the  full 
■ir  nnware  duo  to  the  external  hydrostatic  pressure  at  the  bottom 
of  the  ahield  and  working  face  were  always  kept  up,  it  would  escape 
in  too  large  volumes  from  tliu  top  of  tbo  excavation  and  through 
aaj  paroos  eoil.  In  fact,  to  prevent  this  too  rapid  escape  of  air 
QavnA  the  gravel,  as  well  as  to  weight  the  material  over  the 
■kioli^  where  tbo  covering  was  least  in  thickness  above  it,  clay 
*as  depoaited  in  tbu  bed  of  the   rivor  for  a  width  of  150  feet, 
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and  from  10  to  16  feet  in  depth  immediately  over  the  part  of  the 
tunnel  under  coustrnction.  While  the  tunnel  was  being  formed 
beneath  the  rivor  there  was  alwayg  a  verj  large  escape  of  air  which 
boiled  up  through  the  water,  and  aUo  came  up  in  some  places  in- 
land at  a  distance  of  800  feet  from  the  working  face.  Notwithstand- 
ing all  the  precautious  taken  the  air  pressure  on  two  occasions  blew 
up  the  bottom  of  the  river,  and  once  the  surface  water  rose  to  a  height 
of  25  feet  over  a  diameter  of  60  feet  Any  water  therefore  which 
enters  the  tunnel  between  the  working  face  and  the  air-tight  balk- 
head,  is  forced  out  through  pipes  which  extend  from  the  working  face 
through  the  air-tight  bulkhead  to  the  bottom  of  »hah  No.  4,  the  supe- 
rior air  pressure  within  the  working  part  of  the  tunnel  being  need 
for  the  purpose  ;  and  from  the  bottom  of  shaft  No.  4  it  is  raised  by 
Bteam  pumps  to  the  surface.  Paasing  from  the  bottom  of  shaft  No.  i 
down  the  incline  to  abaft  No.  8,  the  visitor  may  observe  the  cast- 
iron  rings  of  which  the  tunnel  is  built  np  quite  uncovered  as  the  inner 
lining  of  concrete  has  not  yet  been  inserted.  It  will  be  noticed  that 
the  work  is  lighted  by  moans  of  incandescent  electric  lamps  which  give 
sufficient  light  to  see  that,  as  fixed,  the  plates  are  quite  water-tight 
and,  but  for  api)earance  sake,  require  no  internal  lining.  After 
passing  the  bottom  of  shaft  No.  3,  which  is  domed  over,  we  enter  on 
the  {wrtion  of  the  tunnel  below  the  river,  and  most  probably  soon  after 
hear  a  loud  rumbling  roaring  noise.  This  is  caused  by  the  escape  of 
the  compressed  air  from  one  of  the  air-locks  as  some  men  or  materials 
are  being  locked  out.  Arriving  at  the  air-tight  bulkhead  we  enter 
the  lock,  close  the  outer  door,  and  turn  on  the  comprestsod  air  which 
enters  trom  the  working  siiaco  beyond  tho  bulkhead.  The  effect  of 
so  doing  is  at  once  apparent,  for  tho  noise  of  tho  inrnshing  air  is  as 
loud  as  that  of  the  steam  escaping  from  some  largo  steam  boiler,  and 
quite  drowns  the  voice  and  renders  hearing  impossible.  At  the  same 
time  every  one  feeU  a  more  or  lees  acute  pain  in  the  ears  caused  by 
the  increased  pressure  of  the  air  on  the  outer  surface  of  the  drima  of 
the  car ;  this  can  in  most  cases  be  removed  by  equalising  the 
prossnre  through  the  Eustachian  tubes  which  communicate  with  the 
middle  ear ;  this  is  effected  by  swallowing,  and  blowing  into  the  nose 
when  it  is  pinched  with  the  fiugerH,  but  if  the  pain  becomes  and 
continues  very  acute  tho  person  suffering  should  at  once  leave  the 
air-lock. 

As  tho  air  in  the  lock  becomes  more  oompreBsed  tho  temperatoie 
rifles  rapidly ;  this  is  due  to  the  compresaion  and  only  lasts  while  in 
the  look,  for  as  mjou  as  equalisation  is  established  and  the  inner  door 
is  opened  and  jou  step  into  the  working  space  you  find  tho  tempera- 
ture falls  to  about  60'^  to  05°  F.  I  am  often  asked  what  it  feels  like 
in  compressed  air ;  this  I  think  must  in  all  coses  be  a  personal  matter. 
But  summing  up  the  result  of  my  many  weekly  visits  to  tho  tunnel 
during  tlie  post  tuo  years,  I  should  say  that  I  feel  no  difference  from 
that  when  under  tho  ordinary  atmospheric  pressare.  There  is  a  very 
slight  feeling  of  exliiluration  if  the  pressure  is  over  20  lbs.  per  squaro 
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inch,  probably  caused  by  the  larger  amount  of  oxygen  abaorbed  by 
lnng0 ;  overy  one  appears  to  speak  with  a  nasal  intonation,  yon 
Bot  whistle,  and  the  skin  nets  more  freely  than  at  the  same  tcm- 
Mnlnre  nnder  normal  conditions.  I  should  hero  note  that  no  one 
Wflomwf  ill  from  the  eflecte  of  compressed  air  while  under  its  pressure, 
file  baneful  effects,  if  experienced  at  all,  usually  show  themselves  on 
eoming  cut  of  it.  But  I  have  arrived  at  the  conclusion  that  among 
otherwise  healthy  persons  some  con  and  some  cannot  withstand  air 
imwnre,  and  I  have  had  the  pleasure  of  conducting  many  persons 
over  the  works,  from  little  girls  of  thirteen  up  to  gentlemen  of  over 
■ereoty  years  of  age,  who  have  not  felt  the  least  ill  effects  from  com- 
preaaed  air. 

Passing  on  to  the  shield  and  the  working  face  we  see  the  two  main 
operations  in  progress:  (1^  excavating;  and  (2)  erecting  the  caei- 
iruu  rings  of  the  tunnel, 

Ereacation. — As  to  the  excavation,  the  mode  of  conducting  it 
ijflpwidff  on  the  kind  of  ground  being  pushed  through.  K  it  be  hard 
or  lliff  enough  to  stand  with  a  vertical  face  when  pressed  against  by 
the  varinns  partitions  of  the  shield,  the  men  simply  dig  or  pick  it 
away  in  front  for  a  few  inches  or  a  foot  or  two,  passing  the  excavated 
material  out  to  the  stage  behind  the  shield,  from  which  it  is  tipped 
into  wagons  and  removed.  After  a  sufficient  amount  has  been  cleared 
and  loosened  in  front  of  the  shield,  the  latter  is,  by  the  hydraulic  jacks, 
pKHed  forward,  it  may  be  a  few  inches  or  perhaps  2  feet  6  inches, 
the  distance  depending  on  the  nature  of  the  ground.  Each  ring  dis- 
places 54  cubic  yards,  and  progress  has  varied  from  1  foot  up  to 
10  feet  a  day.  If,  however,  the  material  bo  gravel  the  progress  is 
very  slow  as  this  material  will  not  remain  vertical  when  dag  into, 
bnt  ran*  down  as  fast  as  it  is  excavated.  Besides  which,  so  rapid  is 
the  escape  of  air  that  if  precautions  were  not  taken  it  would  pass  out 
in  dangeroas  qnantitics.  To  obviate  this  and  to  support  the  face, 
the  btint  of  Moh  }x>ckot  or  working  face  is  closed  with  three  wrought- 
iroo  shatters  pressed  forward  by  powerful  screws,  and  all  the  joints 
Inted  with  clay.  In  these  circumstances  the  excavation  is  made  cither 
by  xaking  out  the  gravel  through  holes  in  the  shutters,  or  by  drawing 
than  back  one  at  a  time,  digging  out  a  small  portiou  and  then  screw- 
ing forward  the  shutter  again.  When  all  the  shatters  have  been 
■nwed  forward  the  shield  is  advanced,  and  as  the  screws  ore  so 
arwignil  as  to  allow  of  their  slipping  through  the  nuts  attached  to 
the  ahield,  the  result  is  that  it  moves  forward  past  the  shutters  which 
renaio  in  the  positions  into  which  they  have  been  screwed.  It  need 
not  be  said  that  this  is  slow  and  tedious  work  requiring  great  skill 
sad  jpatienoe. 

ErteHng  ike  HingB. — After  the  shield  has  been  pressed  forward  ao 
sa  to  Inave  a  clear  space  in  the  tail  of  2  feet  f>  inches,  the  erectors  are 
hrooght  into  work,  and,  as  before  described,  the  various  segments  and 
tka^vypiooo  erected.  It  will  bo  noticed  that  as  the  tail  of  the 
■ljj»H  overlaps  the  last  finished  ring  of  plates  it  leaves  an  annular 
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vacuity,  4  inches  in  width,  between  the  bock  of  the  plates  and  the 
batural  ground.  Tlits  space  is  made  solid  by  the  injection  of  grout 
under  pneumatic  pressure  by  means  of  the  contrivance  patented  by 
Mr.  Greathead.  This  consists  of  a  closed  horizuntftl  tyliiider  in 
which  lime  or  cement  cau  be  mixed  to  the  oousibteucy  of  thick  cream 
by  a  horizontal  spindle  with  arms  which  pass  through  it.  The  upper 
side  is  furnished  with  a  pipo  through  which  air  prosfcure  can  be  ajiplied 
to  the  surface  of  the  grout,  and  from  the  lower  side  the  grout  is  cou- 
Teyed  in  another  pipe  to  the  holes  in  the  plates  through  which  it  is 
forced  by  the  air  pressui-e. 

To  provide  against  accidents,  two  precautions  are  adopted  in  case 
of  an  inrush  of  water;  one  is  an  elevated  temporary  wooden  gangway 
or  path,  extending  from  the  shield  to  the  upper  escape  air-lock  in  the 
air-tight  bulkhead,  the  other  is  a  fixed  curtain  of  wrought  iron  which 
descends  to  the  semi-diameter  of  the  tuuucl,  so  that  in  case  of  an 
irruption  of  water  it  wouhl  not  fill  the  entire  tunnel,  but  a  certain 
portion  of  compressed  air  wimM  be  trapped  between  the  curtain  and 
the  air-lock,  and  so  form  a  kind  of  elongated  diving  bell. 

Having  now  viewed  all  that  is  to  bo  seen  in  compresBod  air,  we 
return  to  the  air-lock  for  the  purpose  of  passing  out.  This  is  in 
some  respects  different  from  passing  in,  and  ia  an  operation  requiring 
some  little  time  and  caution,  as  the  removal  of  the  artificial  air 
pressure  and  the  return  to  normal  conditions  is  more  than  equivalent 
to  an  ascent  beyond  the  tops  of  the  highest  mountains  on  the  earth, 
as  the  artificial  pressure  may  be  30  lbs.  per  square  inch,  all  of  which 
has  to  be  removed  before  we  return  to  the  nurmal  15  lbs.  As  to 
sensation,  no  difficulties  about  the  treatment  of  the  ears  is  experienced 
08  the  cnrapre&sed  air  in  the  middle  e:ir  gradually  and  naturally  dis- 
charges itself  with  a  not  unplcitsant  crackling  sound.  Owing,  however, 
to  the  expansion  of  the  air  in  the  lock,  the  temperature  falls  rapidly, 
BO  much  so  that  the  invisible  aqueous  vapour  couttiined  in  the  air  is 
deposited  as  a  thick  damp  fog,  and  a  chill  is  experienced  ;  beyond 
this  there  is  nothing  particular  to  notice.  From  the  tunnel  wo  ascend 
the  shaft  No.  4  and  in  the  cabin  nt  the  top  take  a  cup  of  hot  coffee, 
which  slight  stimulant  is  sufficient  to  restore  the  system  to  its  usual 
condition. 

I  am  frequently  asked  if  we  have  found  any  objects  of  interest  or 
antiquity  in  our  various  excavations.  But  as  most  of  our  work  has 
been  through  the  tertiary  beds  of  the  London  clay  and  Woolwich 
series,  nothing  hut  the  fossils  peculiar  to  thuse  formations  have  been 
met  with.  On  the  table  will  ha  found  specimens  of  the  base  bed  of 
the  London  clay,  and  of  tho  conglomerate  bed  which  lies  just  below 
it.  These  two  formations  have  also  been  met  with  on  other  works, 
as  at  Abbey  Mills  and  the  Eeckton  Gas-works.  There  is  also  a 
specimen  of  the  shelly  clay  of  the  Woolwich  series.  In  the  super- 
ficial gravel,  part  of  an  elephant's  tusk  was  found  on  the  south  shore 
of  the  river ;  a  similar  tusk  was  also  found  on  another  work  iu  the 
gravel  bods  near  Abbey  Mills  at  Stratford.    On  the  north  side  of  the 
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riTor  at  Blackn^all  Cross,  aboat  8  feet  below  the  street  level,  a  human 
skeleton  was  foand,  and  as  a  stake  was  also  found  which  appeared 
to  luTe  been  driven  through  the  body  »t  the  time  of  burial,  in 
all  probability  the  remains  were  those  of  Bomo  poor  suicide  who 
had  been  interred  with  all  the  superstitions  rites  of  our  ancestors. 
Bcyood  the  above  I  do  not  think  anything  of  interest  has  been 
discovered. 

Experience  of  Comprened  Air. — In  some  previona  works  carried 
oai  nnder  compreesod  air,  much  illness  and  some  deaths  have  occnrrod. 
The  symptoms  of  the  more  frequent  though  not  serious  illnesses  are 
violent  and  acute  pains  of  a  neuralgic  kind,  generally  in  the  limbs, 
and  which  are  experienced  at  the  time  of,  or  shortly  after  coming  out 
of  eontpreMed  tir.  llio  more  serious,  and  in  some  instances  fatal 
cum  tonk  the  form  of  vertigo  and  paralysis,  usually  of  tho  legs. 
Comoqnrntlj  at  on  early  period  the  London  County  Oonncil  adopted 
•veiy  precaution  ;  they  oblaineti  Parliamentary  power  to  compensate 
persons  pertimncutly  or  temporarily  injured,  and  they  appointed  a 
resident  medical  officer.  Dr.  Snell,  whose  duty  it  was  not  only  to 
attend  to  casea  of  illness,  but  to  see  that  none  but  hcaltLy  men  were 
allowed  on  the  work,  and  to  keep  a  watch  on  all  tho  men  employed 
in  compressed  air,  besides  which  he  was  instnictod  to  note  fr<>m  a 
medical  point  of  view,  and  make  a  study  of,  all  tho  conditions  of  tbo 
problem.  We  have  now  been  at  work  under  compressed  air  fur  about 
two  yeiirH,  we  have  had  no  deaths  and  only  one  case  of  permanent 
injury  ("a  CAse  of  Monier's  disease,  due  to  rupture  of  the  semicircular 
cuud  ot  tho  inner  car).  It  had  often  boon  mtticcd,  on  previous  works, 
that  illness  wa8  most  prevalent  when  tlio  work  progressed  most 
■lowly,  and  that  it  docrwised  as  tho  (>rogres8  became  more  rapid. 
We  now  believe,  from  our  experience  at  Blackwall,  that  this  was  duo 
to  the  lerger  amount  of  air  pumped  down  during  rapid  work.  With- 
ont  for  a  moment  wishing  in  any  way  to  forestall  Dr.  Sntll,  who 
will  no  doubt  niukc  public  the  result  of  his  observations  at  the 
proper  time,  we  bolieve  that  up  to  a  pressure  of  from  30  lbs.  to 
85  Ibn.  per  square  inch,  healthy  men  can  work  with  almost  an  entire 
abM>no(t  of  illness,  if  a  sufficient  amount  of  compressed  air,  say  8000 
to  yoOO  cubic  feet  per  hour,  be  supplied  to  each  man. 

Cfrnrluni'm. —  In  drawing  this  discoui'so  to  a  coiielnsion,  I  fool 
UiAt  I  hftvo  bnt  very  imperfectly  pcrforined  the  duty  which  I  bavo 
nodertakcn.  We  have  now  completed  all  the  work  on  tho  smith  siilo, 
the  river  Iiiub  Ijeen  passed,  and  we  are  working  up  tlio  incline  near 
«h«it  No.  J,  and  if  all  goes  well  we  ho{>o  to  cdiuidete  tho  wJiido  by 
abont  March  next  yonr.  In  cuntempluting  tho  work  at  Blnckwall  it 
is  intTrflting  to  compare  the  progress  in  engineering  work  during 
thn  part  fifty  years.  Brunera  tunnel  was  about  the  same  lengtii 
■■  the  portion  under  the  river  at  Blackwall,  and  it  took  about  nino 
yean,  with  many  long  pauses,  to  complete  ;  tlio  portion  of  the  Black- 
will  luuDcI  under  the  river  between  sbiifts  2  and  3  was  tunnelled  in 
about  thirteen  mouths.     The  Cust  of  Brunol's  tunnel  was  at  tho  rato 
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of  about  1800/.  per  yard,  while  that  at  Blackwnll  averages  550^  per 
yard.  This  is  most  gratifying  after  the  gloomy  forebodings  by 
which  we  were  met  before  wo  commenced  the  work.  It  was  at  that 
time  predicted,  and  I  was  personally  warnod  by  members  of  my  own 
profession,  that  if  we  succeeded  at  all,  it  would  only  be  by  chance, 
and  at  the  cost  of  much  stilTeriug  and  death.  The  success  that  has 
attended  us  is  due  to  all  who  have  been  engaged  upon  the  work,  and 
particularly  to  the  skill  and  untiring  energy  of  three  gentlemen, 
the  two  resident  engineers,  Messrs.  Hay  and  Fitzmaurice,  and  to 
Mr.  Moir,  who  acta  as  engineer  for,  and  representative  of  the  con- 
tractors, Messrs.  Pearson  aud  Son.  But  in  claiming  for  ourselves  at 
the  present  time  credit  for  the  success  that  has  attendctl  our  efibrts, 
we  must  not  forget  the  honour  due  to  those  who  have  preceded  ua. 
Ko  one  can  ia  a  large  and  complicated  modera  work  such  as  I 
have  been  describing,  claim  for  himself  the  escluaive  credit  for  the 
whole  or  any  important  part  of  it.  We  have  been  using  a  shield, 
under  compressed  air,  pushed  forward  by  hydraulic  power,  and  at 
onco  the  names  of  Bramah,  Brunei  and  Dundonald  remind  us  that 
we  arc  largely  indebted  to  them.  Much  has  been  said  and  written, 
about  the  shield  we  have  used,  and  some  names  have  been  associated 
with  its  design.  I  wish  it  clearly  to  b^  understood  that  no  otie  haft 
any  right  to  do  so,  as  it  is  a  combination  of  all  tho  good  points  in 
many  previous  efforts  in  the  same  direction.  But  if  to  anyone  is  duo 
more  credit  than  to  another  it  is  to  that  romarkable  genius  the  elder 
Brunei,  who,  although  he  was  himself  nnahlo  to  use  his  own  invention, 
saw  clearly  how  the  work  could  be  best  accomplished,  and  ns  far  back 
as  1818  took  out  a  patent  fur  a  shield  and  mode  of  constructing 
subaqueous  tunnels.  As  described  in  and  shown  on  tho  drawings 
attached  to  his  specification  of  1818,  wo  find  a  cylindrical  wrought- 
iroK  shield,  divided  into  working  cells  or  pockets,  tho  tail  of  which 
overlapped  a  tunnel  somo  20  feet  in  diameter,  which  tunnel  was 
formed  of  cast-iron  rings,  and  the  whole  shield  was  to  bo  pressed 
forward  by  hydraulic  jacks.  From  Dundonald'a  specification  of  1830 
we  get  tho  mode  of  making  a  tunnel  under  compressed  air ;  and  to 
Bramah  ia  due,  in  a  great  measure,  the  invention  of  the  hydraulic 
press.  Therefore  iu  this  as  in  so  many  other  of  our  works,  it  is 
seen  that  we  owe  a  deep  debt  of  gratitude  to  our  predecessors  for  the 
success  we  have  attained. 

[A.  E.  B.] 
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WiLUAU  Samttel  Liu.T,  Esq.  M.A.  Hon.  Eellow  of  PetcrLoose, 
Cambridge. 

T%e  Theory  of  the  Ludierout, 

Tbb  feelingB  aronsed  by  the  perception  of  tbo  Ecantiftil,  the 
Sablimo  and  the  Ludicrons,  are  referred  by  luodeni  >vriterR  on 
pfljehology  to  the  domain  of  what  Eont  has  tauglit  us  to  call  the 
^fSthetic.  It  seems  to  be  pretty  generally  allowed  that  the  Beau- 
tiful attracts  without  repelling,  and  affects  ns  with  nnmiugled 
pleasnre  in  the  free  exercise  of  our  cognitive  faculties;  while  the 
feeling  of  the  Sublime  is  mixed  of  ploasnre  and  pain,  involving, 
am  it  does,  fear  and  awe  as  well  as  admiration.  Begarding  the 
Lndiorons  there  is  much  less  agreement,  and  few  modern  psycholo- 
gistfl  appear  to  have  made  it  the  Enbjcct  of  [irofonnd  or  far-reaching 
stndtM.  That  is  one  reason  why  I  have  cbosen  it  us  my  topic  to- 
night. Now  in  dealing  with  the  Ludicrous,  the  first  thing  to  be 
ramcmbcre'l  is  its  vast  extent. 

Lot  us  look  a  little  at  the  varieties  of  it,  as  that  will  help  ns, 
perhaps,  to  the  theory  of  which  wo  are  iu  quest.  I  have  thought 
that  it  wonld  bo  well  to  catalogue  them — a  thing,  so  far  as  I  am 
aware,  nut  previously  attempted.  My  catalogue,  which  reduces  them 
tu  tw€Dtj-ono  headings,  is  as  follows : — 


1.  Unmoor. 

2.  Wit 

3.  Irony. 

4.  iyatire. 
.*».  Harciuini. 

6.  Parody. 

7.  Bathoi. 

C«.   t'DDa. 

10.  Ilwilcr. 

11.  Coricaturo. 


12.  Buffoonery. 

13.  MiiuicrT. 

H.  Tho  C'linical. 
15.  The  Kuri'ical. 
ItJ.  The  Burlesque. 
17.  Tlie  (JriiUiiiiue. 
IIS.  Allitonition. 
ID.  Coiiuiiiliuuiii. 
2IJ.  ChiiTivilrB. 
21.  Pruclicul  Joking. 


Now  I  am  far  from  BBserting  that  this  catalogue  is  exliaustivo, 
although  I  have  taken  a  great  deal  of  pains  with  it,  and  cannot  call 
ti}  mind  any  instance  of  the  Ludicrous  that  may  not  be  brought  under 
una  ur  auuthcr  of  its  twcuty-ono  headings,  which,  I  may  observe,  are, 

to  Kpcftk,  more  finger-posts  for  guidance  in  a  vast  and  ill-oxplurcd 
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country.  Most  of  tbem  seem  so  plain  and  intelligible  aa  to  reqnire 
no  discuBaioQ.  We  all  know,  for  instance,  what  Puns,  Charades  and 
ConuudromB  are.  We  all  know,  or  may  know  with  a  little  reficction, 
what  is  properly  meant  by  Sarcasm,  Banter,  Caricature.  But  there 
are  fonr  varieties  of  the  Ludicrous  which  seem  to  present  special 
difficalties.     And  upon  these  I  mast  offer  a  few  remarks. 

First  then  in  this  catalogue  of  mine  standi:  Humour,  which  eeemB 
to  me  beyond  question  the  highest  manifestation  of  the  Ludicrous. 
And  I  do  not  think  we  can  have  a  better  account  of  Humour  than 
one  given  by  an  admirable  writer  to  whom  some  of  us  had  the 
pleasure  of  listening  in  this  place  yesterday  afternoon  :  "  That  spirit 
nf  playing;  with  the  vain  world  and  all  that  therein  is,  familiar  to 
Socrates,  which  is  always  more  or  less  discernible  in  tho  highest 
uatures."*  Tho  ijue^tion  is  often  asked.  What  is  the  difference 
between  Humour  nnd  Wit?  A  great  many  different  answers  have 
been  given,  one  of  the  least  satisfactory  uf  them,  as  it  seems  to  me, 
being  Sidney  Smith's  in  the  '  Lectures  on  Moral  Philosophy '  which 
he  delivered  hero  ninety  years  ago.  I  shall  return  to  that  preeently. 
For  mj'self  I  would  say,  borrowing  from  the  German  a  distiuotiun 
now  pretty  familiar  to  cultivated  peojJe  throughout  tho  world,  that 
Wit  B|>ecially  implies  Understandiug — Tersland — while  Humour  has 
most  in  common  with  Henaon — Vernun/t — in  which  there  is  always 
an  clement,  latent  it  may  be,  of  tragedy.  The  greatest  humorist  in 
Shakespeare  is  "  the  vtehncholy  Jacques."  And  here  I  am  reminded 
of  some  wurds  of  that  must  accompliBluid  critic,  the  late  Mr.  Walter 
Pater.  In  his  Essay  on  Charles  Lamb  he  characterises  Wit  as  "  tbat 
unreal  and  transitory  mirth  which  is  as  the  crackling  of  tlionis  under 
a  pot,"  ami  Humour  as  "  tho  laughter  which  blends  with  tears,  and 
even  with  the  suhtletics  vf  the  imagination,  and  which,  iu  its  most 
exquisite  motives  is  one  with  pity — the  laughter  of  tho  Comedies  of 
Shakespeare,  hardly  less  expressive  than  his  moods  of  seriousness  or 
fiolfmnity  of  that  deeply  stirred  soul  of  Bymjiathy  in  him,  as  flowing 
from  which  both  tears  and  laughter  are  alike  genuine  and  con- 
tagious." This  is,  I  think,  true  as  roganls  Humour,  although  it 
hardly  does  justice  to  Wit.  Wliat  Sidney  Smith  says  iu  his '  Lectures ' 
about  Wit  and  Humour  appears  to  me  most  unsatisfactory,  which  is 
the  more  surprising  since  he  himself  was  douhtlcss  one  of  the  wittiest 
of  his  generation.  Humour,  he  tells  us,  consists  in  "discovering  in- 
congruity hetwoen  ideas  which  excite  surprise,  and  surprise  alone." 
It  is  a  surprising  prupositioii ;  but  at  all  events  it  becomes  intelligible 
wht-n  wo  see  what  it  is  that  he  means  by  liumour.  He  gives  three 
instunces  ;  A  young  oflicer  of  eighteen  years  of  age  coming  into 
company  in  full  uniform,  but  with  a  wig  cm  his  bend,  such  as  was 
Worn  at  the  beginning  of  this  century  by  grave  aud  respectable 
clerg^'uieu  advanced  iu  years ;  a  corpulent  and  respectable  tradesman, 

*  Dr.  William  Barry,  tho  author  of  '  The  Now  Antigone,'  iu  an  Etssny  on 
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with  hftbilimcntB  somewhat  ostent&tiotu,  slidiog  down  gently  into  tbo 
mod,  And  de«lccoratiiig  a  pea-green  coat ;  and  the  overtnming  of  a 
TtTj  large  dinner  table  with  all  the  dinner  upon  it.  Bat  these  do 
not  appear  to  me  to  be  examples  of  Hnmonr  at  all.  Mj  old  friend 
Dr.  Kennedy,  for  many  years  Ecgius  Professor  of  Greek  at  Cam- 
bridge, a  very  dignified  and  correct  person,  was  dining  in  the  hall  of 
one  of  the  colleges  of  that  University  npon  some  festive  oocasion, 
and  fonnd  himself  next  to  a  well-known  joker,  whose  facetiousness, 
noTer  very  refined,  grew  coarser  and  coarser  as  the  banquet  proceeded, 
while  the  Doctor's  face  grew  glummer  and  glnmmcr.  At  last  the 
fanny  man  said,  "  Yon  seem  to  have  no  taste  for  bomour.  Professor." 
"  8ir,"  replied  the  Doctor,  much  in  wrath,  "  I  have  a  taste  for 
hmnonr,  bat  I  have  no  taste  for  low  buffoonery."  Well,  what  Sidney 
Smith  gives  as  his  first  instance  of  Hnmonr  appears  to  me — to  use 
Dr.  Kennedy's  expression — low  buffoonery ;  his  other  two  instances 
I  aboold  refer  to  the  category  of  the  ComioU.  As  little  can  I  accept 
Sidney  Smith's  acconut  of  Wit.  "  It  discovers,"  he  tolls  us,  "  real 
relations  that  are  not  apparent  between  ideas  exciting  surprise,  and 
aorpriw  only."  Snrtjly  this  will  not  stand.  Consider,  for  example, 
liie  liiiea  of  Pope — Hazlitt  judged  them  the  finest  piece  of  Wit  he 
kxMW  —  OD  the  Lord  Mayor's  Show,  and   tho  Lord  Mayor's  Poet 


> 


•*  Now  iii;;ht  (Ie«wndinit  the  proud  #liow  in  o'er. 
Dut  lives  in  Settle's  nnmbers  one  day  mnre." 

)Tcry  is  there  here  of   real  bnt  not  apparent  relations 
_  ideas  producing  surprise,  and    surprise    only  ?       Or  take 

tlw  1re«e  —  far  wittier  I  think  than  llitse — of  Pope's  Epistle  to 
Dr.  Arbuthnot.     He  is  speaking  of  certain  bad  poets : — 

"  He  wlm  still  WKiiting,  thnngh  be  lives  on  theft, 
(<t<>als  ninch,  spi-ncia  little,  yet  has  nothing  left: 
Ami  lie  'xlio  now  to  ik-D)<o,  now  nonsense  loaning, 
Muins  nut,  hut  bliimlcrd  round  nbont  a  moaning  ; 
And  lie  nli'iuc  rnslinn  'b  ho  Bublinic-ly  Ixid, 
It  is  not  pntlry  but  proso  nm  mnil." 

^ly  tho  Wit  hero  does  not  knd  itself  to  Sidney  Smith's  explana- 

But  OS  I   have   ventured   thus  to  criticise  this  gifted  man's 

Stfoition  of  Wit,  perhaps  I  ought  to  offer  for  your  criticism  a 
dtfinition  of  my  own.  I  should  say,  then,  that  Wit  consists  in  the 
dtioorerj  of  iucongruitios  in  the  province  of  tho  understanding 
iVmtUtnd),  tho  distinctive  element  which  it  leaves  out  being  tho 
dameDt  of  roa8<^u  (  Vemun/t), 

I  nm  rw]niil1y  dinfMitiHiied  with  Sidney  Smith's  account  of  another 

vmr  '  us.  namely,  the  Bull:—"  A  Bull,"  he  tolls  us, 

"U  M'art  of  a  Witticism,  for  as  Wit  discovers  real 

rabtioos  that  aro  not  apparent.  Bulls  admit  ajiparcnt  relations  that 
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are  not  real."  I  do  not  think  Balls  necesearily  do  that.  When 
Sir  Boylo  Rocho  told  the  Irish  HoiiBe  of  CommonB  that  ho  wished  a 
certain  bill,  thcu  buforo  tliat  august  assembly,  at  the  bottom  of  the 
bottomless  pit,  he  certainly  proilucwl  «  Bull,  and  a  very  fine  one  ;  but 
as  certainly  his  aspiration  doea  not  admit  apparent  relations  that  are 
not  real.  It  appears  to  me  that  a  Bull  may  perhaps  be  defined — in 
80  difficult  and  subtle  a  matter  I  don't  like  to  dogmatise — as  a  con- 
tradiction in  terms  which  conveys  a  real  meaning.  I  observe  in 
passing — and  I  liojfe  I  may  not  in  so  doing  seem  to  bo  lacking  in 
justice  to  Ireland — that  the  claim  sonictimos  made  on  behalf  of  that 
country  to  a  sort  of  mouojxdy  of  Bulls  is  untenablo.  Excellent  Bulls 
are  produceil  by  people  of  other  couutrios ;  as,  for  example,  by  the 
Austrian  officer,  mentioned  by  Schopcnhftuer,  when  he  observed  to 
a  guest  staying  in  the  same  country  house,  "  Ah,  you  are  fond  of 
solitary  walks,  so  am  I ;  let  us  take  a  walk  together : "  or  by  the 
Scotchman  who  told  a  friend  tliat  a  common  acquaintance  had 
dtcliired  him  unworthy  to  black  the  boots  of  a  certain  person,  and 
who  in  reply  to  his  remark,  "  Well,  I  hope  you  took  my  part,"  said, 
"  Of  oourae  I  did,  I  said  you  were  quite  worthy  to  black  them  :  "  or 
again,  by  a  well-known  English  judge,  who  wlion  passing  sentence 
on  a  prisoner  convicted  on  all  the  counts  of  a  long  indictment, 
observed,  "  Do  you  know,  sir,  that  it  is  in  my  power  to  sentence  you 
for  these  many  breaches  of  the  laws  of  your  country,  to  a  term  of 
penal  servitude  far  exceeding  your  natural  life." 

There  is  yet  another  variety  of  the  Ludicrous,  upon  which  I 
should  like  to  say  a  few  words — Parody.  A  Parody  is  a  composition 
which  sportively  imitates  some  other  composition.  I  suppose  that, 
in  tlie  majority  of  cases,  the  object,  or  at  all  events,  the  etl"ect  of  the 
imitation  is  to  cast  a  certain  amount  of  ridicule  upon  the  originaL 
"  What  should  be  great  you  turn  to  farce "  complains  the  honest 
farmer  to  his  wife,  in  Prior's  amusing  poem, '  The  Ladle.'  Well,  it 
most  be  confessed  that  this  is  what  a  Parody  too  often  does.  But 
this  need  not  be  so.  A  Parody  must  necessarily  be  sportive,  or  it 
would  not  belong  to  the  great  family  of  the  Ludicrous;  but  the 
laughter,  or  the  smile,  which  it  excites  need  not  be  at  the  expense 
of  tho  composition  imitated.  Poi)e  speaks  of  Lis  imitation  of  one  of 
the  '  Satires  '  of  Horace  as  a  Parody  :  but  tho  laugh  which  he  raises 
does  not  fall  upon  Horace.  So,  you  will  remember,  in  the  '  Dnnciad  * 
he  most  effectively  parodies  certain  noble  lines  of  Denham's '  Cooper's 
Hill " — lines  addressed  by  that  poet  to  the  river  Thames : — 

'*  O  could  I  flow  like  thoe,  and  make  thy  stream 
My  great  example,  as  it  ia  my  thenjo  I 
Though  deep  yet  clear,  though  gtntio,  yet  not  dull. 
Strong  without  rage,  without  o'erflowing  full." 

Fine  verses,  indeed,  are  these :  perhaps  the  finest  example  of  that 
strength  with  which  Pope,  in  a   well-known   line,  rightly  credits 
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Senhun.     And,  Assiiredly,  Pope  by  no  means  intended  to  ridioole 
tbem,  when  he  kddrefised  the  unhappy  Welsted : — 


I- 


*'  Flow,  W«lated,  flow,  like  thino  inspirer  Beer ; 
Though  stale,  not  ri]« ;  though  thin,  yet  never  clear ; 
80  sweetly  mawkisl),  and  so  smoothly  ilutl ; 
Heitrly,  not  utrong  ;  oVrflowing,  thongh  not  full," 


So  mnch  must  Buffice  regarding  the  four  varieties  of  the 
LodicTOQS,  which  seem  to  tue  tu  present  8|)ecial  diffictiltics.  What  I 
bare  Bud  may  servo  to  show  how  wide  and  vario<l  its  range  is,  and 
how  many  things  hare  to  be  thought  of  and  taken  into  account  before 
we  can  even  attempt  to  frame  a  theory  of  it.  Bat,  indeed,  that  is 
not  alL  The  matter  is  further  complicated  by  natiouul  differences. 
This  i#  especially  su  in  the  case  of  Humour,  Spanish  Humour,  for 
esam]do — its  chief  monument  is,  of  conrso,  Bon  Quixote — differs  very 
widely  from  all  other.  It  is  impossible  to  conceive  of  that  marvel* 
loos  book  as  being  written  oat  of  Spain,  not  merely  on  account  of  its 
local  colouring,  but  also,  and  far  more,  on  account  of  its  ethos,  its ; 
Pope,  in  dodicating  to  Swift  the  '  Dunciad,'  writes : — 


m 


"  Whether  thoa  oliooae  Cervantes'  serious  air, 
O;  laugh  and  ahake  in  Rabelaia'  ensy  oLiiir." 


The  Castilian  gravity  of  Cer- 


thing.     The  British  gravity  of  Swift  is  quite  another. 


line*  are  singularly  infoHcitons. 
vantes  ia  one 

Nor  LB  there  mnch  in  common  between  Rabelais  and  Swift.  Babelais 
is  the  supremo  example  of  what  JKcnan  has  called  "  the  old  Gallic 
^uety  " — it  seems  now  well  nigh  extinct  in  Franco — in  its  moods  of 
wildeaS  and  most  unrestrained  extravagance.  Swift,  "bit(er  and 
etnuige,"  is  ever  sober,  ever  holds  himself  in  hand.  Rabelais !  Yes  : 
we  picturo  him  to  ourselves  in  his  easy  chair,  laughing  consnmedly, 
qnattng  bis  cup  of  good  old  wine  to  warm  his  good  old  nose,  and 
xsiaiitered  to,  like  Falstafi^  "  by  a  fair  hot  wench  in  a  flame-coloured 
tafttft."  Swift's  most  outrageous  ntteranoes  are  delivered  with  all 
tiie  aolanmity — I  think  this  has  been  remarked  by  Taine — of  a 
elorgyiDUi  disoonrsing  in  his  gown  and  bands.  I  can  only  glance  at 
thii  mbject  of  the  difference  in  the  Humour  of  different  races.  It  is 
too  largo,  and  would  want  a  lecture,  or  rather  a  book,  to  itself,  for 
any  adoquate  trentment.  But,  before  I  pass  on,  I  should  like  to 
obMore  how  distinctly  a  thing  sui  rjenerit  American  Humour  is.  It 
J,  f  »t,;,.i-  the  only  intellectual  province  in  which  the  people  of  the 
L'l  9  have  achieved  originality.    I  cannot  here  enter  upon  an 

Ittaij  null  luul  comparative  examination  of  it.  I  suppose  its  peculiar 
ikftrm  lies  in  its  homely  and  fresh  grotesqueness.  The  dryness  and 
(Bfupneu  of  the  American  climate  seem  to  have  passed  into  it. 
hornSl  is  Qnquestionably  one  of  its  chief  masters. 
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"  hMM  Wninr  iB  ha  wwr  bani  in  ha  life 
That  tb' JifitflBa  zJKgai  oat  in  tiiair  ■wmlkv-teil  oariB, 
Ant  ■■BBBBB  soma  in  fiont  of  a  dnnn  and  a  fifey 

B^JoknP. 
BaiDMai.ha 
Sex  dkev  ifi&ft  kaaar  amjtiilug  down  in  Jiaiee.* 


Wacd.  moodier  groat  mantnr  of  Amerioui  hmioiir,  bas 
■ot  aarpMRd diia.  Bok  I  tibmk  be  faasaqonlled  it:  as,i)r  exutplo, 
m  bxi  KToaiit  of  hia  viat  to  WgjgJMM  Young : — 

*  Tan  •»  a  aairted  man.  Xc  Toimg^  I  Uaeve,"  aiya  I,  pRparing  to  write 

'*  Tw  80  vifaa,  Xr.  Waid.    I  Kitinly  am  married." 

*  Hov  «li>  yos  like  ik  ■•  Sir  ■»  v<«  her  got  ?  *  and  L 
IbHid^-lGidlm.'' 

Bat  the  Amoieaii  new^apersy  even  the  hmnUest  of  them,  eon- 
•teatly  contain  things  jnat  as  ^xxL  A  coneapondent  the  other  daj 
aent  ne  acme  oberare  joamal,  pablished  in  tite  tu  West,  I  think, 
wherein  I  Coaod  a  stotj  which  stipes  me  as  so  saperlatiTely  exeeOent  a 
specimen  of  Americsn  hmnoor  thnt  I  ahsll  Tentore  to  read  it  to  jaa. 
It  is  called,  "  A  Cool  Bnrg^,  Too." 

**  I  think  aboot  the  mrmt  enriooa  man  I  ever  mei,"  saiil  tbe  retiied  bm^ar, 
"  I  met  ia  x  hoxat  Ln  Ejb<tem  Coaneeticnt.  ani  I  shoalda't  know  him  nther  if  I 
•h<>alil  ine«t  him  ag^iiiu  unleas  I  shoaitl  hear  him  ^peak;  it  va«  ao  dark  when 
I  met  him  th*t  I  never  aaw  him  at  alL  I  had  lookeii  azmmd  the  honae  down- 
(rtaira.  and  itctaalW  haiin't  seen  a  thins  worth  earrria^  oS,  and  it  waaa't  a  bad 
looking  hfonae  na  tbe  oatHdtr.  either.  I  got  apatain.  and  groped  about  a  little^ 
and  finallj  tamed  into  a  mxn  that  waa  darker  ttan  E^ypt.  I  iiadn't  gone  Bkon 
than  three  sibrpa  in  thi«  room  when  I  heard  a  man  aar,  *  Uello,  theie.' 

" '  Hello,'  WTS  L 

"'Whoare  j»xi?'aiidthe  man. '  boiglar  * ' 

"  And  I  Mkirl  yea,  I  did  do  somrething  in  that  line  occanooally. 

" '  Mi«erkbl«  bnaineai  to  be  in,  ain't  it  ? '  <ai<l  the  man.  Hid  Toioe  came  &am 
a  bed  o>Ter  in  the  corner  of  the  room,  and  I  knev  he  hadn't  eren  sat  op^ 

"  And  I  said, '  Well,  I  dnnno ;  I've  g^t  to  mpport  mj  £uu1t  aomeway.' 

** '  Well,  joa'Te  jnat  waated  a  night  here.'  Mid  tbe  man.'  *  Didn't  jaa  aea 
aaything  downatairs  worth  stealing  ? ' 

"  And  I  Mid  no.  I  hadn't. 

" '  Well,  there's  leas  npatairs,'  sajs  the  man,  and  then  I  heard  him  torn  over 
and  nettle  down  to  go  to  sleep  again.  Fd  like  to  have  gone  over  then  and 
kk-ke'l  him.  Bat  I  didn't.  It  was  getting  late,  and  I  thoioght,  all  things  eon* 
imler'id,  tliat  I  might  jnat  as  well  let  him  have  hia  sleep  oot." 

And  now  having  thns  taken,  so  to  speak,  a  bird's-eye  view  of  the 
T«st  domain  of  the  Ladicrons,  let  ns  go  on  to  inquire  if  we  can  amTe 
at  any  true  theory  about  it.  Can  we  define  the  Ladicrons  ?  Is  thero 
a  Lndicrous  in  the  nature  o£  things — an  Objective  Ladicrons,  as  well 
as  a  Hobjective  Ladicrons  ?  In  other  vrords,  what  is  the  Ladicrons 
in  itself,  aud  what  is  it  to  as  ?  And  what  is  the  faculty  which  com- 
prehends and  judges  the  Ludicrous  ?  These  are  questions  which  con- 
front ns  when  we  seek  to  deal  with  the  matter  philosophically.    And 
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PUlo.  in  the  •Phikba,'  talk  m  'Iha 
ipnagi  firom  tke  n^t  of  ■mllie/i 
ewer,  being  ■  kind  of  Klf-igBanan  tiMi  m  _ 
A  eerteza  spioe  of  nalioe,  70a  see,  Iw  beld 
of  Uii*  emotian.  Wdl,  ttsi  iii«j  be 
to  iaSet  frota  Flafak  Bat  oeztainly  Ids 
•%  indeed,  b  aov  fvettj  goMnlly  allowed, 
b  tb«  trww  expoooded  by  ArwMle,  ben,  ■• 
"the  niMtor  of  tbem  tint  kso»."  ^TbeLn 
'  The  Poctici,'  "  is  •  defect  of  eonte  Mtt  («^ 
IMM  (oZir^fK),  wbidi  is  not  paiiiM  or 
iratds  vbM^  »t  fint,  nuy  not  aeem  very  aili|^hleiita^ 
pKfeiaor  Batober  adminbly  KiBuki,  in  bb  editka  of  *  Tlw ! 
wa  famoi  nroiwriy  nndentaod  Aem  witbeat  bldns  into  ■ceiiwBt  &•  | 
eUaeato  iraiieh  eater  into  Aristotle's  idea  of  benaty.  And 
bam  done  tbat,  ve  shall  find  that  ve  1M7  obnd  their  1 
to  eabnee  **  the  tnooBgreitns,  abaarditiea,  or  emaa  fwpuaua  «f  lifi^  ] 
tto  imperfect  correspondeaoea  or  adjiirtiaeata,  and  Aat  ' 
iatwTWtnal  as  well  aa  oMiraL"  Aibtotle'a  -new  of  the 
a]ipean  to  be,  in  f&ct,  sometbing  oat  kA  ttae  aad  fdaea 
danger,  aooM  error  iu  truth  and  propriety,  which 
nor  pernicious.  Tbe  treatment  of  the  Ladieroas  by  ^  1 
aortL  Doting,  as  indeed  b  their  treatneai  of  efesy  qaastica  !•  < 
tfiey  have  applied  their  aoate  and  sabtle  JntcDerts.  Their  \ 
goea  apoo  Plato's  notion  of  ideals  or  pattoas  in  the  diriaa 
eottparsd  with  which  iodivi duals,  both  ia  tlaiaiiiliia  aad  ia  their 
wbtiops  with  one  another,  tail  short  of  perfeetjon.  lUa  ( 
Ih^  Isach.  when  not  grave  enoo^  to  excite  disgnst  or  iadigaatko,  is 
^  anmnd — the  /umdanttnium  reaU — of  our  sabjeettre  perceptioa  of] 
tiMLadicrons.  I  believe  I  have  looked  into  most  of  the  aie^ra 
philoaopfaen  who  have  dealt  aith  thb  matter,  and  I  do  not  think  that. 
with  one  exception — to  be  pfieaeatly  dwelt  apoo — they  take  as  madi 
beyond  the  ancients  and  the  scfaoolinea.  Of  cooree  we  have  ■♦♦■'wd 
to  a  clearer  perception  of  its  physical  side.  And  here  we  are 
indahted  to  Mr,  Herbert  Spencer  for  an  ezpbaatioa,  wfaioh,  ao  br  m 
1  una  jodge — and  that  is  not  very  br — may  very  likely  be  Irae. 
l%b  b  the  sobetance  of  it  "  A  large  amoont  of  aerroos  caergy, 
of  being  allowed  t(i  expend  itself  in  prodnoag  aa  eqaiTaleai 
rt  of  the  new  thonghts  and  emotions  which  were  irttffiit,  b 
■aldflnly  checked  in  its  flow."  "  Tbe  excess  most  discharge  itself  ia 
SBOS  otiier  direction,  and  there  results  an  efflux  through  tbe  motor 
MrvH  lo  varions  classes  of  the  muscles,  producing  the  half-cooirnlsiw 
aetioBs  W0  term  laughter."  I  dare  asy  Mr.  8{ieucer  may  be  ri^t  in 
lbs  hjpothaab  be  here  presents.  But  I  am  sure  he  b  wrong  if  he 
■UU|wses  that  those  "  nervous  discharges,"  of  which  be  speaks,  are  tbe 
pnoafy  or  the  main  element  in  the  emotiou  of  which  laughter  b  an 
uotward  vbible  sign.     That  emotion  begins  with  a  mental  act     >> 
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Lotze  well  pnts  it  in  his  '  liicrocoHinoB,'  "  The  mechanism  of  onr  life 
has  annexed  the  cor|)oreal  expression  to  a  mood  of  mind  produced  by 
what  we  see  being  taken  up  into  a  world  of  thought,  and  estimated 
at  the  Talne  belonging  to  it  in  the  rational  connection  of  things." 
Of  coarse,  the  corporeal  expression  is  not  necewarily  connected  with 
the  mood  of  mind.  Tlie  physical  phenomenon  which  we  call  laughter 
may  be  produced  by  purely  physical  moans,  for  example,  by  titillation. 
The  laugh  of  the  soul  and  the  laugh  of  the  body  are  distinct.  Wo 
may  have  each  without  the  other.  And  only  a  gross  and  superficial 
analysis  will  confound  them. 

But,  as  I  intimated  just  now,  there  is  one  modem  philosopher 
who  appears  to  me  to  hare  given  us  a  satisfactory  formula  of  the 
Ludicrous.  That  philosopher  is  Schopenhauer,  unquestionably  one 
of  the  most  profound  and  penetrating  intellects  of  this  century,  how- 
ever we  may  account  of  his  system  as  a  whole.  One  of  bis  cardinal 
doctrines  is  that  all  abstract  knowledge  spring!)  from  knowledge  of 
perception,  and  obtains  its  whole  value  from  its  relation  to  percep- 
tion. And  upon  this  doctrine  he  hangs  his  theory  of  the  Ludicroos. 
"  The  source  of  the  Ludicrous,"  he  teaches,  "  is  always  the  jiaradoxical, 
and  therefore  unexpected,  subsumption  of  an  object  under  a  concep- 
tion which  in  other  respects  is  diiferent  from  it"  Or,  as  he  elsewhere 
in  his  great  work,  writes  more  at  large : — 

"  The  caasc  of  laughter.  In  every  eaae,  is  simply  the  sadden  pereeption  of  tho 
incongroity  between  a  coucept  and  tU«  real  objects  whioti  by  ineang  of  it  we 
have  thought  in  a  ccrtuia  aasocibtion,  and  laughter  itself  u  the  expression  of 
this  iuoougmity.  Now  incongruity  occurs  in  tlib  vay:  wc  have  thought  of 
two  or  more  iml  objects  by  means  of  one  concept,  niid  hare  passed  on  tho 
identity  uf  the  oonoept  to  Uie  objects.  It  then  oeiBdmcs  strikiugly  upparent, 
from  the  tiiiu^repancy  of  t\us  objects,  in  other  respects,  that  the  concept  applies 
to  them  only  from  one  point  of  view.  It  occurs  qnile  as  often,  however,  that 
tlie  ineougruity  between  a  single  real  object  and  the  concept  under  wliich  from 
one  point  of  view,  it  has  rightly  been  aubsujued,  ia  suddenly  felt.  Mow  the 
more  correct  the  subsumption  of  such  objects  uudcr  a  concept  may  be  from  one 
point  of  view,  and  the  greater  and  more  glaring  their  incongruity  from  another 
point  of  view,  the  8tron«'r  is  the  ludicrous  etfect  which  is  produced  by  this 
oontraat.  All  laagbt^r,  therefore,  springd  up  on  cccasinn  of  a  ponuloxioal  and 
unexpected  sabsomption,  whether  this  is  expressed  iu  words  or  actions.'* 

Now,  I  believe  this  account  to  be,  in  the  main,  correct.  It  is,  in 
Kubstance,  the  thought  of  Aristotle,  but  it  brings  in  the  element  of 
parailox,  unexpectedness,  suddenness,  which  is  lacking  in  that 
philosopher's  definition.  And  it  is  cast  into  an  accurate  and 
scientific  form.  "The  source  of  tho  Ludicrous  is  always  tho 
paradoxical,  and  therefore  unexpected,  subsumption  of  an  object 
tmder  a  conception  which,  in  other  respects,  is  different  from  it." 
Yes ;  I  think  that  this  is  true.  Every  instance  of  tho  Ludicrous,  in 
its  twenty-one  varieties,  which  I  have  been  able  to  call  to  mind,  fits 
in  with  this  formula.  But  thoro  are  two  points  in  Schopouhauer's 
exposition  to  wliich  I  must  demur.  Li  the  first  place,  I  do  not  think 
him  well  warranted  in  a&immg — as  he  does — that  his  theory  of  the 
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LodicrooB  is  iitaep«imble  finm  ku  nutunlar  doctrine  at  pnnmpliMo 
Mkd  kbstnct  ideas.  And  tborefen  it  is  not  nun— ij  toe  mm,  oa  ihe 
piwe&t  ocossion,  to  enter  npoe  an  ersmtnsticn  of  tut  doetnae ;  of 
which  I  am  heartily  glsd,  fur  to  do  »o,  even  in  hrafasS  radiiw, 
wo«Id  take  up  far  more  tiiae  than  is  left  of  mj  boor.  Bendes,  I 
hat«  talking  metaphysics  alter  dinner,  sod  I  fsacj  verj  tern  people 
rrally  like  hearing  melspbjsies  talked  at  that  period  of  ths  d^y. 
Again,  Schopenhauer  certainly  osee  tn^oaided  and  too  genenl 
langnage  when  he  tells  os  that  aB  lan^hter  is  ooosaioBed  hj  the 
paiadoxicol,  aud  therefore  oneqieeled,  safasaBptioQ  of  sa  otgfit^ 
Older  a  conception  which  in  other  rcspeets  is  dilnrBat  ftem  it.  Tho 
phenomeaon  of  langhter  may  be  doe  to  a  variety  of  essses.  It  maj 
be  doe  to  merely  physical  oanses,  as  I  pointed  out  joat  Do«r.  It  nay 
bs  das  Id  quite  oth«r  mental  causes  than  paradoxinl  and  naexpeeted 
wbsiIll|>th>o.  Para'luxical  and  ooexpeoted  •ahmmptioii  is  not  the 
explsDttUoB  of  the  heavenly  laagbter  of  whieh  Baata  speaks  in  the 
twsn^-seveath  canto  of  the  *  Psrailiso ' — the  langbter  of  Beatriee,  **  so 
gtadsomo  that  in  her  ooauteoaooe  God  himself  appeared  to  rejoice." 

<*  Ma  eDa  ehe  redeTa  D  mio  dmre 
InranuaiACM^  ridendo,  tanto  lieta 
Che  Die  paica  nel  mm  voUo  pcin." 

It  is  nnt  the  explanstion  of  what  is  ealled  fiwidish  langhter,  lao^tsr 
jprofUr  TiuilUiam,  the  outcome  of  mere  malice — the  sort  of  laughter 
which,  by  the  vray,  one  of  his  critics  has  attribnted  to  Schopenhaner 
himself;  the  langli  of  a  demon  orer  the  fiasco  of  the  imirerae.  It  is 
not  the  explanation  of  that  ringing  laogh  of  pare  hnman  happiness 
which  one  sometimes  hears  from  the  lips  of  yoong  girls ;  is  there  any 
moaio  like  it  ?  They  laogh  as  the  birds  sing.  "Sot  is  the  laaghter 
of  women  at  their  lovers — a  commoo  phenomenon  enoogh — alirajs  to 
be  referred  to  the  paratioxical  and  therefore  unexpected  snbeamption  of 
an  olgect  under  a  conception  which  in  other  respects  is  diflisrent  finm 
it.  It  is  far  oftencr  the  expression  of  mere  triomph.  **  The  oaU 
bont  of  Uaght(T,"  Dr.  Bain  troly  tells  as  in  his  *  Hentsl  and  Moral 
Science,'  "  is  a  freqaent  aooompaniment  of  the  emotion  of  power." 
But  it  is  sometimes  a  manifestation  of  pain  too  deep  for  tears.  This 
is  tbo  Isoghtcr  of  which  Antigone  speaks :  \\Xyovtra  fiiy  IHjt  tX  yiXnnr 
if  0vi  y<Au — **  I  laugh  in  sorrow  if  I  langh  at  thee."  That  laugh  of 
sorrow — no  piercing  and  pathetic  ! — who  does  not  know  it  ?  Surely  it 
is  the  saddest  thing  in  the  world.  Lsstly,  not  to  oontinne  ondnly 
the  oniUBermtion,  laaghter  is  very  often  the  expression  of  mere  ment^ 
Tscnity.  I  remember  a  gentleman  who  was  fond  of  relating  utterly 
imbecile  stories  ounocruiug  himself,  the  invariable  ending  of  them 
Isiog,  "  And  then  I  roarvd."  We  gave  him  the  namu  of  the  Boarer, 
sod  fled  at  his  approach  as  we  wonld  Lave  done  from  a  ramping  and 
roaring  lion.  But  I  am  quite  sure  his  laughter  was  not  doe  to  the 
pamloxical,  and  tbcrefum  unoxpocted,  sabc^mnption  of  an  object  under 
aooaeppiiun  which  in  other  respects  was  different  from  it.    No;  his 
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«w>  *li^  .aaat^  jmsaair  rniea    .'Lxro    'iBdv  .-alia  the  most  inane 
'hin4  1 1  '()^  -Tnr'.*i       tint*  -<Mi  "Uttj  •  dt  ■muxu*, 

V':A  :i*>m>  T>>:<<*'vnsii-iiik  ;acc  I  ninit  ve  iiuiHt  admit  Schopen- 
liMwr*"  -iioorr  r'  -  jf  I.Mtucrons.  Is  .3  roe  na  iJU'  as  it  goes.  I  oae 
:Imw>  TnT(tj>  f  ".  niTanitn.  <>esoa»  *:  .oes  hoc  itsempt  ro  answer  the 
l«>Mwr '^n^iMnons  ■nimiMfat:  "rizh.  ae  saofeec  <^^tiicu  1  uienaonad  just 
3<»<r  ?^rn*n»  iit^v  ii«>  :tLUtswe;sulti.  'cRainir  :he  few  minates 
1^  r>*  ra^  ^vrll  lot  ~iuS»-«!  .v^b  '  jf  ~3e  nann  »>ipeRiciai  examination  of 
ibrni.  1  Tnitlii  '.-athijT  •mni<jr  Ouise  iumasEa  :.3r  -.uiDUier  and  more 
prM!Ci<^i  -inT<o!i<>  -  ui  "ntersiiman  a  loumuc  f  not  ptacticaL  We 
Lm**  ^<h>>i  vcm  -iit>  luiuiaons  ^ .  oe  anuinTTt-ai .  :uui  thfirefore 
in^-CTwrbHi.  ^sntu^muntion  t  ui  oiect  Tiiinr  i  .^inception  niiiohv  in 
>flMT  .■«wwt9  .«  iu&rf&t  ±tim  :^  VeLL  Jox  -viat  ::i  the  function  of 
:li^  L>t<ti>*ri'i!«»  m  _nnun  -j» .'  TLju  ^cd  Lu«:ii ::  sofre  .'  Please  note 
^hat  -hi»  'lUfHitton  *  natB  .■cnia:n>asv.-nh.  :z£  -.aiu  ••t  my  lecture :  for 
in  •ynit^  r'>aLif  '•>  .£n«>w  mytnint;.  v«  imsc  snuvr  sb  -^nd:  Ar-mrAj^jg 
»  that  "irT'toimit  ^yrn^    t  ^.i-saitir*.  -    t  jtur^  r?.ui«  c<m. 

r  -^uprra.  -.Wn.  :hat  i  'Vsse  t  'Ou  LiidiL-ruos  .s  :iie  most  sane 
rliii><;  ri^  .'.av'*.  Tsi'orTVfSness  kud  iiiconsauiTT  -.re  :iie  notes  of  the 
L»n< !«•?>■  »TB.  Anii.  "i«?f  "r-'^^'ke  n*  "o  -jzim. — ■•'Unutm  utofre  cermm 
•rhttt  -I  -r-rT^'t  uad  iionnal.  Te  sat^t  'Jiec  :aac  :fae  Lodiczoai 
.')  -in  .mtit^nat  ::i"CiR<'C  Ttucn  iiroses  .a.  'ze  :i:r,\i  .i  raciuoal  odSma- 
'■\*^ri,  Anti  '^.  .n  T'tTTOcr.e:!^.  i  «cse  i  cu  Liidicrons  .."annot  be 
•ttr'V»nt.»ri  -rt  in^niaU  !«»  iijiir  .svLfVii  han  :nan  ;n  :liu  scale  of 
.*Hni.  "<*'«»r«w*.  "hfTia!:  'ht*^  .uit»?  mduxsKicdinu:.  laey  Iiare  not, 
:ir»"'»ieT! "  *Tv«?alriri<r,  rcawa  :  diev  "jitw  .jnt'wiudire  I'l  ^rceotion:  they 
;»»»»  n->t  ir^irrtrt  iii»iivieiiice.  ^rilL  a '.his  ■T.'v-'nctf,  .taciaewhere,  we 
;n»T  '■i«»»r-':  tnn^nJ -ht»ai  viiat  Axist^ititj  -aiL*  .a...;»u-n  rrs  .u i^pajsr'nfs 
I'lw*^ :  :T>irii'«'''ri=s  f  -he  '.iiVr  T  -jiaE.  Aj»  ::i  '^e  •ji.-st  ravuimd  in- 
ifiv'-inala  .f  'h^  ".jtcti-r  <r«H::ts  t  "htm  'xierv  irpt'or  maii^pji.  ot  the 
'ir^TMu-  rt^  t'  rpswson.  ,-«•  to  vs-  jrd  d:>u  'ndijaEions  ■i  the  lower  kinds 
'<f  rh**  L»nii<'rrini» :  :*rre,  '.vnfbv»ner'-,  -iratccai.  ••.•kiEi  But.  indeed, 
•l>*r«-  tT>»>«ir  :*i  ':)•»  vhoie  mcea  't  3ien — -"at*  Ncrrii  American  fniliimi^ 
4n«1  *h<^  f.'ingai^se  V  -ii.:aii.  -ot  -xampic! — :hat  are  •iestirate  ••(  the  i^ense 
of  'h^i  Ln4irT»'ini».  And.  :n  rht*  liicher  races  this  sense  ^s  by  no  means 
tmivr-rcnUy  tonnd.  Tae  richest  .ntcilevts  ^vciGves  it  m  amplest 
m^a*tir»>.  The  ahMsaee  <>f  it  i^  x  sure  uidit.'ation  <ji  mental  poverty. 
-'  flt-Tf  'V.mpa  <»  frxil.  let's  be  -^TSTe.'  jaid  <niarii:»  Lunb  on  one  occa 
vi^T).  And.  I  r<?m«mber  a  rnc-nd  of  my  own  jusemni;  of  a  somewhat 
ta^ttim  perw^n  -^rfanm  -ve  bad  met.  "  He  mnsc  be  a  man  of  sense,  fior. 
jkltWinsb  hft  -Mid  little,  he  lanehed  in  :he  ngfat  pisi.'e."  That  laogh 
}«  »  nrtftTiifpntation  of  Intellectnal  abmxdance  or  dxnberanoe:  it  is 
smtnt^hin^  -tvnr  and  above  die  aetnal  wnik  oi  life.  And  so  we  may 
adapt  to  onr  prPtKOt  paniose  i.'eftain  words  jf  Sehiller's  in  his  *  Letters 
on  Ainthfftif,  Edtwatinn  ' :  ""  Man  sports  ■  ^UU  only  when  he  is  man  in 
r,Tio  fnll  ':<niitication  of  the  ■▼oni  .  and  then  only  is  ho  oumplete  »n»n 

J  ii*^d  ii^T'ilv  ■.•h5i?r--i.>  ii  iv    :ii>seiv  -his  tacuiiv  .•!  tht  Ludicrous 


IdK] 


om  tit  Tkeary  of  At  Lmdienm*. 


may  be  abused.     There  is  nodiing  more  ^Ulmiu-al — m  yie  i 
•oBae  of  tlie  word — than  to  tozn  into  ridicsle  "  mhaiaoerer  tluii^  ( 
tne,  wbkfenwver  flni^  u«  bonask,  wk&tsaemr  klungB  ire  jmgk,  vbkt- j 
netor  thin^  ars  para,  mhttBoemr  Uiings  are  lanij, 
tUngi  an  of  good  repoK."    Tbere  is  no  mora  deteslable  i 
thsn  lb*t  of  "  sapfNog  a  aoleiiui  creed  witk  ncilnaa  am 
is  a  tamnm   of  jiiTtii|iradeoce,  Abmimf  mom   toOil  ■■■■.    And  thi 
boUda  nuTBratlly.     No;  the  aboso  o{  tbe  Lodiero—  doea  not 
away  iti  VMS.      Tboae   proper,  besllbT  and  Ifiptiwaift  mbs 
obrioas.     And  wvj  few  words  will  suffice  far  sadi  of  tiMoa  as  I  eaa''] 
bere  toncli  on.    Now  one  ofioe  of  tbe  Ladierooa  is  to  li^teii  **  tlNl! 
b«den  and  tbe  rajstery  of  all  tbis  anintelligiMe  wmid."     F 
ebais  has  indicated  it  ia  bis  well-kaowB  asTiag :  **  I  nake  baale  !•  1 
laogh  at  eTeryibing  for  fear  of  being  obliged  lo  we^"     I  raneaber) 
a  atoiy  of  tbe  late  Lord  Houghton  meeting  soane  ofaaeiDre  aatbor  wfao^ 
bad  giren  to  the  world  a  pisy,  and  exclaiming,  witfa  bis  nsaal  boo-j 
boeiie,  **  Ab !  Mr.  So-and-So,  1  am  so  glad  to  make  toot  aoqnaintaaee : 
I  (omanber  reading  jonr  tragedj  with  great  intefrest."    **  Traged j  * " 
tb*  oCber  explained  in  dismaj :  "  no,  no ;  it  was  a  eomed j."*    **  God 
blaa  mj  sual,"  Houghton  replied,  "  I  thonght  it  was  a  tragedj ; 
plsMS  forgire  me."     Well,  "  life's  poor  plaj  "  is  tragedj  or  eomedy, 
as  joa  take  it.     It  is  beet  not  to  take  it  as  tragedy,  at  all  erents  too 
habitaally.    A  certain  novelist,  I  forget  who,  says  of  a  eertun  ladyj 
mhc  ftdotui  his  psg«,  I  forget  ber  tume^  that  on  a  certain ' 
I  fargeA  what,  "  not  bowing  whether  to  laogfa  or  cry,  she  choae  tta  ^ 
bsllcr  pftrt,  and  laughed."     It  U  the  better  part.    And  cne  ottee  of] 
Hanonr — to  speak  only  of  that  rariety  of  Uie  Lodieroos — is  to  show 
W  the  (btly  of  quarrelling  with  sach  Ufe  as  we  hare  here.     Ab,  it  tfl  ° 
80  eaay  to  atrip  off  the  illusions  of  haman  existence  I  And  so  foolidt  t 
Yea;  and  may  we  not  add,  so  nngnttcfal?     For,  aamiedly,  tba 
Ability  Hand  which  has  hong  the  reil  of  MAya  orer  tbe  daxker 
raalitiiw  of  life,  was  impelled  by  pity  fur  the  "porbUnd  race  of 
mi— ilili  men."      Illosious !  what  would  tbe  world  be  withoat  thegi  t ' 
And  it  is  tbe  function  of  tbe  humourist  to  teach  us  to  enjoy  tbea 
wisely ;  to  luad  ns  to  make  the  most  of  life's  poor  pbiy,  while  it  lasts ; 
which  aaaunxlly  we  shall  not  do  if  we  are  for  ever  examining  too 
(■rioaaly  tbe  tinsel  and  tawdry  which  deck  it  out,  if  we  are  for  erer 
thinking  of  the  final  drop  of  the  curtain  upon  "  the  painted  aimulatioa . 
of  the  soene,"  and  the  vxtinguisbmoDt  of  the  lights  for  ever.    Memento 
awrt  is  undoubtedly  a  most  wholesome  maxim.     So  is  DUer  pitere. 
"  Ab,  mou  enfant,"  said  the  old  priest,  tonching  lightly  with  bis 
vttfaflrad  hand  the  blooming  check  of  the  young  girl,  too  vain  of  her 
pntty  fiwse,  **  Ab,  mon  enfant,  tout  cela  j>ourrira."     "■  Ooi,  mon  p^te," 
•he  replied,  naively,  "  msis  ce  n'est  pas  encore  pourri."     Well,  they 
wen  both  right,  the  eago  confessor  nnd  the  silly  coquetted    And  we 
may  learn  a  U-Mon  from  them  both.     There  is  an  adiuirable  Mying  of 
Juahort,  "  L'illutiion  ct  la  sagesse  rconies  sent  lo  cLanuc  de  la  vie  ci 
de  I'art." 
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But  again,  tho  Lndicrous  bas  a  difitioct  ethical  value.  Aristotle 
places  tvT/>oTrtXia  among  tho  virtues,  and  by  fi-rpar-eXia  be  means 
decorous  wit  and  humour,  as  distinguished  from  the  low  buffoonery 
to  which  Dr.  Kennedy  so  strongly  objected.  It  is  said  that  ridicule 
is  tho  test  of  truth.  And  tboro  is  a  tme  sense  in  the  saying.  Tho 
Platonic  irony — which  is  really  the  feigning  of  ignorance  in  order  to 
get  a  man  to  make  a  fool  of  himself — may  illustrate  this.  And,  to 
look  at  the  matter  from  another  }>oint  of  view,  it  may  be  seriously 
maintained  that  we  never  really  believe  a  thing  until  we  are  able  to 
treat  it  sportively.  The  more  profound  our  wisdom,  the  more  lightly 
we  shall  wear  it.  It  is  a  tradition  of  tho  Catholic  Church,  in  her 
colleges  and  seminaries,  that  all  ethical  questions  should  bo  dealt  with 
humorously.  Tho  Professor  of  Moral  Philosophy  in  those  institu- 
tions is  "  der  Lustige,"  as  tlie  Germans  would  say :  the  man  who 
docs  tho  comic  business.  Carlyle,  in  one  of  his  early  Letters,  speaks 
of  a  sense  of  the  ridiculous  as  "  brotherly  sympathy  with  the  down- 
ward side."  It  is  a  most  pregnant  saying.  "  I'wtnty-scven  millions, 
mostly  fools."  Well,  better  to  view  them  as  fools  than  as  knaves. 
For  the  emotion  raised  by  folly  is  rather  pity  and  ruth  tlian  anger. 
Then  again,  the  Lmlicrous,  and  especially  the  variety  of  it  which  we 
call  Satire,  is  an  inestimable  Lnstrument  of  moral  police.  I  do  not  say 
of  moral  reformatiou.  What  moral  reformation  really  means  is  the 
conversion  of  the  will  from  bad  to  fiooA.  And  I  do  not  think  Satire, 
as  a  rule,  likely  to  efi'ect  that.  But  it  is  certainly  a  most  effective 
deterrent.  Goethe  makes  Werther,  as  the  supposed  author  of  the 
'  Letters  from  Switzerland,'  say,  "  One  would  always  rather  appear 
vicious  than  ridiculous  to  any  one  else."  And  I  suppose  this  is  true 
of  the  vast  majority  of  people.  Hence  it  was  that  Pope  was  led  to 
magnify  his  oflSce  : — 

"  Ye*,  I  am  proud,  t  mnst  be  proad,  to  ate 
Men  not  ahtaid  of  God,  ahaid  of  me : 
8af«  from  the  Bar,  the  Pnlpit  and  the  Tbrane, 
But  touched  and  scared  by  ridicule  alone." 

But  tho  clock,  which  beats  out  the  little  lives  of  men,  has  beaten  out 
the  brief  hour  of  the  lecturer.     And  so  with  these  noble  lines  of  tho 
great  ethical  poet  of  tho  last  century,  I  take  my  leave  of  my  subject 
I  and  my  aadience. 

[W.  S.  L.] 
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8n  J&mi  Cbicbton-Bbowbk,  ILD.  LL.D.  F^S.  Tnasimr 
•nd  Yioe-Preaideiit,  in  the  Chair. 

FaoritsoB  Tbomas  B.  FEASxk,  M.D.  LL.D.  F.B.S. 

Tw— iVnfinii  aijaitut  Serfemtt'  Vcmom,  and  the  Treatment  of 
SHok^-bite  witk  Amtitenene. 

FaoH  s  ranoto  period  of  antiqnltj,  there  has  been  enmitj  Iwiawtt 
the  bmnan  noe  and  surpents,  and,  in  a  literal  aeaee,  man  has  faniMd 
the  bead  of  the  serptint,  and  the  serpent  has  bmiaed  the  heel  of  man. 
Thia  long-continned  ft- ad  baa  not  revolted  in  Tictorj  for  cither  side. 
Vcmmona  serpents  still  annnally  destroy  the  lires  of  tt>ns  of  tb<>a- 
mudt  of  human  beings,  and,  in  self-defeDce,  t«is  of  thooaaods  of 
serpents  are  annually  slain  by  man. 

The  progress  of  knowledge  has  greatly  increased  the  means  for 
■notoiUag  mankind  against  the  death-producing  effects  of  many 
oiwMea ;  yet,  altfauagh  thenc  means  hare  been  liberally  employed  in 
the  oontiBst  against  Tenomooa  serpents,  none  of  them  have  hitherto 
boon  found  snjficicni. 

Thtt  reality  of  the  oooteat  is  appreciated  when  wo  find  pervading 
medical  literature  from  its  earliest  beginnings — from  the  time  of 
Pliny  and  Celsns — to  the  present  time,  dig^inisitions  on  the  treatmeoi 
of  the  bites  of  Tenomons  serpents,  and  lengthy  descriptions  of  the 
aviMCoas  remedies,  organic  and  inorganio,  that  hare  been  used  for 
this  purpose.  Although  extended  experience  and  the  application  of 
the  scientific  methods  of  the  present  day,  Lave  resulted  in  showing 
tbal  each  of  these  remedies  bad  been  recommended  on  insufficient 

Kads,  we  may  beaitaie  in  pronouncing  their  recommendation  to 
I  Iwen  premature,  in  riew  of  the  impossibility  of  waituig,  in  the 
Jiummfin  of  imminent  dangers,  until  accurate  demonstration  has  been 
nHihiiH!  by  the  usually  t<utly  and  laborious  processes  of  science. 

L«t  me  panae  here  for  a  few  minutes  to  indicate  the  practical 
importance  of  a  scientific  demonstration  of  the  value  of  any  remedy 
that  i*  used  in  the  treatment  of  snake-poisoning. 

Whrm  a  6«r|)onl  inflicts  a  wound,  I  need  scarcely  say  that  it  ia 
not  the  woond,  but  the  renom  introduced  into  it  which  causes  the 
tpupknaa  of  poisoning,  and  the  death  that  may  result  This  venom 
is  sow  known  to  be  a  complex  mixture,  containing  ctcreral  non- 
ts  well   as  poisonous  substancee.      The  latter  arc  not 
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fermente,  and  have  no  power  of  reprodocing  themselres  in  the  body, 
bat  they  arc  BubetonceB  that  prodaoo  efibcte  having  a  direct  relation- 
ship to  the  quantitj  introdnccd  into  the  bodj.  This  quantity  in  the 
caae  of  each  serpent  varies  with  its  size  and  bodily  and  mental 
condition ;  with  the  nature  of  the  bito — whether  both  fangs  or  only 
one  has  been  introduced,  whether  they  have  penetrated  deeply  or 
only  scratched  the  snrface  ;  and  with  other  circnmstances  related  io 
the  serpent,  sach  as  whether  it  had  recently  bitten  an  animal  or  not, 
and  thns  parted  with  a  portion  or  retained  the  whole  of  the  venom 
stored  in  the  poison  glands. 

A  bite  may,  therefore,  result  in  very  little  danger,  or  it  may  bo 
rapidly  fatal ;  but,  in  order  to  produce  death,  thoro  must  have  been 
introduced  into  the  tissues  at  least  a  certain  qnantity  of  venum,  which 
is  spoken  of  as  the  minimnm-Iethal  quantity  or  dose.  The  minimum- 
lethal  qnantity  for  the  animal  bitten,  again,  is  different  for  different 
species  of  animals,  and  different  also  for  different  individuals  of  the 
same  species,  the  chief  cause  of  difference  between  adalt  animals  of 
the  same  species  being  the  body  weight  of  the  individual,  the  quantity 
required  to  produce  death  being  very  exactly  related  to  each  poond 
or  kUogrammo  of  weight. 

If  even  a  minnte  fraction  below  the  minimum-lethal  has  been 
introduced  into  the  tissues  by  an  effective  bite,  death  will  not  follow, 
although  serious  and  alarming  symptoms  will  bo  produced  of  exactly 
the  same  kind  as  those  which  follow  a  bite  which  terminates  fatally. 

How  then  can  wo  be  assured,  in  any  case  of  snake-bite  in  man, 
that  a  quantity  of  venom  sufficient  to  produce  death  has  been  intro- 
duced? It  is  impossible  to  answer  this  question  except  by  the  result. 
If  a  quantity  less  than  the  minimum-lethal  has  been  introduced, 
although  the  gravest  symptoms  may  be  produced,  the  patient  will 
recover,  whatever  remedies  are  administered,  provided,  obviously,  that 
the  remedies  have  not  been  so  injudiciously  selected  or  used  that  they 
themselves,  and  not  the  insufficiout  quantity  of  venom,  produce  a 
fatal  termination.  The  recovery  of  a  patient  after  the  introduction 
of  less  than  the  smallest  quantity  of  vonom  capable  of  producing 
death,  has  thns  too  often  been  attributed  to  the  remedies  that  have 
been  administered ;  and,  consequently,  as,  indeed,  is  exemplified  in 
the  treatment  of  many  diseases,  a  large  number  of  substances  have 
acquired  an  unjust  reputation  as  antidotes.  The  list  of  antidotes  hns, 
accordingly,  become  a  very  large  one;  but  when  their  pretensions 
have  been  suhjocted  to  sufficient  tests,  the  verdict  is  that  all  of 
thorn  arc  valueless  to  prevent  death  when  even  the  smallest  quantity 
of  venom  required  to  produce  death  has  been  received  by  an  animal. 

Without  entering  into  details,  I  will  content  myself  with  re- 
producing the  opinion  of  Sir  Joseph  Fayrer,  that,  "after  long  and 
repeated  observations  in  India,  and  subsequently  in  England,  I  am 
forced  to  the  conclasion  that  all  the  remedies  hitherto  regarded  as 
antidotes  are  absolutely  without  any  specific  effect  on  the  condition 
produced  by  the  poison." 

Dut  while  mudical  practice  and  flcioQoo,  in  t»ch  ^Hiriod  of  its 
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derelopineDt,  las  thns  £uled  to  pcoleek  aaa  *g*™«^  tUs 
ooemy,  legendaiy  traiiitioM^  Qta  Isles  of  tamDan  mai  of 
unoDg  nationB  sad  tribes  imsthig  oolBda  of  ths  liinMstiiw  sf  tts 
Ume,  st  least  aaagest  thst,  bj  nesas  spsri  frost  ths  ass  of 
SOBS  messim  ofmBoem  maj  aetoslly  hsve  bsen  iiTiisiniil 

Mkny  of  these  legends  sod  rtstwtiite  sm  fmbsihly  of 
Mgnificsnoft,  siHi,  io  oonoeetioD  witb  fMta  Jsiitsd  from 
which  to-night  I  hsve  to  deseribe,  Abj  possess  s  dsep  JsttssL 

We  lesrn  from  these  legends  tbst  fron  s  lemoto  period  ef 
the  belief  has  existed  thi^  a  power  mmj  be  seqsirad  bj  shd  cf 
freelj  bundling  ▼enomons  serpents,  and  eren  ct  miuiisefiiTlj  ] 
the  posoaioas  effsots  of  their  bites. 

The  Fsjrlli  of  Africa,  the  Idarsi  of  Italy,  the  Goni  at  India,  i 
other  ancient  tribes  and  sects,  were  stated  to  have  ' 
against  serpents'  bites,  and  this  immonity  h^  bean  eriplsisBd  oa  t 
snppceition  that  aerpents'  blood  was   present  in  the   vems  at 
members  of  theee  tribes  and  secta. 

In  more  modem  times  and,  indeed,  at  the  present  day,  the 
belief  is  expressed  in  the  writings  of  many  travellers.  In  '  A  N« 
sad  Aocoimte  Description  of  the  Coast  of  Guinea,'  by  William 
pnbliahed  in  1705,  an  account  is  given  of  die  great  "rei 
and  respect "  of  the  negrooe  for  snakes,  worshipped  by  them  s8  goisf 
in  connection  with  nhich  the  following  statemanta  are  made.  "  ~  ' 
what  is  best  of  sll  is  that  these  idolatrous  snakes  don't  do  the 
■dsehief  in  the  world  to  mankind  ;  for  if  by  chance  in  the  dsrk  ooe 
treads  npon  them,  and  they  bite  or  sting  him,  it  is  not  more  pre- 
judicial than  the  sting  of  millipedes.  Wherefore  the  natiTes  woold 
iiain  perenado  as  that  it  is  good  to  be  bitten  or  stnng  by  theaa 
ntftVf ,  upon  the  pica  that  one  is  thereby  secured  and  protected  from 
the  sting  of  any  poisonoos  snake  "  ( p.  379). 

At  Southern  Africa,  the  Bct.  John  Campbell,  in  1813,  obserred 
that  it  was  *'  very  common  among  the  Hottentots  to  catch  a  serpent, 
»loeaM  ont  the  poison  from  under  his  teeth,  and  drink  it  They 
say  it  only  makes  them  a  little  giddy,  and  imagine  that  it  preeerres 
them  afterwarda  from  receiving  any  injury  from  the  sting  of  that 
,sptik"(^401). 

Drommond  Hay,  in  his  work  on  Western  Barbaiy,  published  in 
1844,  gives  a  description  of  the  performances  by  membiers  of  a  sect 
of  saake«harmeiB,  called  the  Eisowy,  who  freely  handled,  and 
allowed  themaelree  to  be  bitten  by  serpents  proved  to  bo  venomous 
by  a  mpidly  fatal  experiment  perform&d  on  a  fowl.  At  the  ter- 
ninatiun  of  tbu  cxbibition,  the  Eisowy,  apparently  as  a  usaal  part 
of  the  porforinanri^  '*  commcuoed  eating  or  rather  chewing  "  a  poison- 
ona  suAko,  "  which,  writhing  with  pain  (to  qnote  Mr.  Hay's  words), 
bit  him  in  tlio  iirck  and  hands  until  it  was  acttmlly  destroyed  by 
tho  KtHow^'s  tocth."  lie  states  that,  on  another  occasion,  at  Tangier, 
a  funug  Moor,  who  tiiis  witnessing  the  pcrfomumco  of  a  snako- 
ohartnor,  ridicnlcd  his  exhibition  as  an  impostore,  and  having  been 
dared  by  tho  Eisowy  to  touch  one  of  the  serpcnta,  the  lad  did  ai 
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was  bitten  by  one  of  them,  and  shortly  aft«rwards  expired.  In 
connection  with  my  subject,  a  special  interest  is  attached  to  the 
account  given  by  Mr.  Drnuunond  Hay,  and  repeated  in  its  main 
features  by  Quedenfeldt  in  the  '  Zeitechrift  fiir  Ethnologie  *  of  1886, 
of  the  origin  of  this  Eisowy  sect,  and  of  the  immunity  which  they 
claim.  The  founder,  Soedna  Eiser,  was  being  followed  through  the 
desert  of  Soos  by  a  great  multitude,  who,  becoming  hungry,  cla- 
moured fur  bread.  On  tliis,  Seedna  Eiscr  became  enraged,  ami 
turning  upon  them  ho  uttered  a  common  Arabic  curse,  "  Kool  aim," 
which  means  "  eat  poison."  So  groat  was  their  faith  in  the  teaching 
of  the  saint,  that  they  acted  upon  the  literal  interpretation  of  his 
words,  and  thereafter  ate  venomous  snakes  and  reptiles ;  and  from 
that  time  they  themselves  and  their  descendants  have  been  immune 
against  serpents'  bites  (p.  65). 

Dr.  Houigbcrger,  in  his  '  Thirty-five  Years  in  the  East,*  pnb- 
lifihed  in  1852,  relates  the  incident  of  a  faquecr  who  was  bitten  by  a 
serpent,  and  to  whom  he  at  once  sent  medicines  which  he  judged 
likely  to  prevent  the  ill-eflfects  of  the  venom.  "  On  the  same  after- 
noon," he  writes,  "  I  visited  him  and  found  him  in  good  spirits.  I 
at  first  attributed  the  cLrcnmstance  to  the  effect  produc«)d  by  the 
remeilicB  I  had  sent  him,  but  was  surprised  on  hearing  that  he  had 
not  taken  them,  ho  being  of  opinion  that  the  venom  of  the  serpent 
was  incapable  of  afiectiug  him,  inasmuch  as  he  had  often  been  bitten 
by  serpents  without  having  sustained  any  injury."  On  the  sugges- 
tion of  the  faqueer,  the  same  serpent,  whicli  had  been  caught  and 
retained,  was  allowed  to  bite  him  again,  and  afterwards  to  bito  a 
fowl.  This  fowl  was  taken  homo  by  Dr.  Honigbcrgcr,  and  he  found 
it  dead  on  the  following  morning,  "  although  the  faqneer,  who  was 
bitten  first,  was  quite  well "  (p.  135). 

Nicholson,  in  his  work  on  'Indian  Snakes'  (1875\  and  Richards, 
in  his  *  Landmarks  of  Snake-iHiison  Literature  (1885),  also  narrate 
instances,  the  latter  with  obvious  disbelief  in  their  reality,  suggest- 
ing that  snake-charmers  may  possess  some  means  for  protecting 
themselves  against  the  bites  of  venomous  serpents. 

Many  other  examples  might  be  quoted  in  which  this  suggestion 
is  made.  The  attention  which  has  been  drawn  to  the  subject  dnring 
the  last  twelve  months  has  prompted  the  publication  of  other 
rustanccs,  such  as  that  related  by  Dr.  Bawa,  of  a  Tamil  snake- 
charmer  who,  in  the  course  of  hie  performances,  was  bitten  by  a 
cobra  without  any  effect,  while  an  onlooker,  foolishly  repeating  the 
performance,  was  bitten  by  the  same  cobra,  and  died  in  three  hours ; 
and  the  description  given  by  M.  D'Abbadie,  in  a  recent  issue  of  the 
Comptes  rendus,  of  the  custom,  recently  prevailing  at  Mozambique,  of 
inoculating  with  serpents'  venom,  juiiler  the  firm  conviction  that  pro- 
tection is  thereby  produced  against  the  etfocts  of  serpents'  bites. 

It  may  be  instructive  to  associate  with  these  statements  the 
belief  that  venomous  serpents  are  themselves  protected  against  the 
effects  of  bites  infiicted  upon  tlicm  by  individuals  both  of  their  own 
and  of  other  species.     On  mere  anatomical  grounds,  it  is  difficult  to 
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onderstand  how  serpents  could  escape  the  absorption  of  their  own 
v«Dom  through  mocons  surfaces,  even  admitting  that  abeoiptioii 
venom  does  not  occur  in  normal  conditions  of  these  sorfaoes.    Ye 
mast,  however,  be  eo  freqaentlj  introduced  into  their  bodies,  in 
tiona  where  al>sorptiou  conld  not  fail  to  occnr,  by  the  bites  infiictedl 
nfton  them  bj  other  serpents,  that  the  conclosion  seems  ineritablal 
that  they  possess  some  protectivo  qaality,  without  which,  probably,] 
BO  venomous  serpents  would  now  be  in  existence.     Nut  only  haTs 
nany  general  observations  been  made  in  favour  of  this  belief,  bat  it 
has  been  supported   by  direct  experiments,  such  as  those  made  by 
Fontana  of  Tnifcany  more    than    a   century   ago,   and   by  Goyoo, 
LjKwrda,  Waddell,  Kanfm&nn,  and  Sir  Joseph  Fayrer. 

This,  and  other  evidence,  pointing  to  the  existence  of  proteetios 
againttt  venom,  not  only  in  serpents  themselves,  bat  also,  in  certain 
exoeptiooal  circumstances,  in  human   beings,  several  years  ago  ori- 
ginated a  wish  to  investigate  the  matter.    It  was  obviously  suggestedi 
that  if  protection  occurs,  it  must  be  canaed  by  some  direct  result  of  j 
the  absorption  of  venom ;  and,  tberefure,  that  its  existence  could  be  J 
proved  or  disproved  by  experiment.     In  the  former  event,  the  first] 
gtepe   would  already  have  been  taken  to  obtain,  by  further  experi'l 
taents,  results  likely  to  be  of  value  in  the  treatment  of  poisoning  b^i 
terpen  ts'  venom,  and,  indeed,  likely  to  be  of  suggestive  importance  in ' 
even  the  wider  field  of  general  therftpeutics. 

The  general  jilan  to  be  followed  in  the  first  stages  of  the  investi- 
ntion  was  obviotisly  snggeeted  by  some  of  the  statements  I  have 
reprodooed ;  fur  they  indicate  that  iudividoals  might  become  aocns- 
tooed  to,  or  protected  against  the  effects  of  serpents'  bites,  by  the 
tatrodnction  into  their  bodies  of  a  suooession  of  doses  of  venom, 
DO  one  of  which,  neoossorily,  at  the  beginning  of  the  process,  was  so 
large  as  the  minimmn-lethal.  A  consideration  also  of  the  {acts, 
proving  the  posficesion  of  protection  on  the  part  of  venomous  serpents 
themselves,  indicated  the  same  plan  of  procedure ;  for.  equally 
obviously,  these  scr]>onts,  from  an  early  period  of  their  existence, 
most  absorb  venom  from  their  own  gradually-developing  poison- 
gVnilj^  tintil,  in  the  course  of  time,  they  had  acquired  fn^cient 
protection  to  remain  unafiiected  by  the  larger  quantities  which  the 
now  fully-developed  glands  would  introduce  into  their  bodies. 

lly  first  supplies  of  cobra  venom  were  obtained  in  1869,  from 
the  lato  Dr.  Shortt,  of  Madras,  and  in  1879  from  Sargcon-Colonel 
Hoir.  of  Meerut  They  were  in  very  small  quantity,  but  with  them 
1  was  able  to  satisfy  myself  that,  by  a  sacce^ion  of  minnto  doses, 
^^i^flf  became  able  to  receive  the  minimam-letbal  dose  without  any 
distinct  injury.  At  this  point,  however,  the  8ap])ly  of  venom  failed, 
and  the  observations  could  not  then  bo  carried  further.  It  became 
evident  that  until  largo  quantities  of  vcuom  had  been  obtained, 
definite  results  could  not  be  hoped  for. 

It  WM  not  until  several  years  aftcrn-ards  that  a  sufiicient  supply 
had  been  gradoally  accnmulatod,  by  further  small  quantities  received 
ftoai  Sir  Joseph   Fayrer,  the  Tbakorc  of  Gondal,  and  Dr.  Phillipe ; 
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and  bj  larger  quantities  from  Sir  William  Mackinnon,  Director- 
General  of  the  Army  Medical  Department,  and  especially  from 
Surgeon-Colonel  Gonningbam,  of  Calcutta,  who  for  many  years  has 
been  engaged  with  much  saccese  in  the  study  of  venoms  and  their 
antidotes.  Within  the  last  few  months,  and  BabBe<[nently  to  the 
publication  of  some  of  the  erperimental  resnlls  which  bad  by  this 
time  beon  obtained,  the  India  Office  has  also  placed  at  my  disposal 
a  considorable  quantity  of  venom,  which  hail  been  collected  by 
Df.  Hankin,  of  Agra,  at  the  request  of  Dr.  Cloghoom,  Surgeon- 
General  with  the  Goremment  of  India. 

But,  besides  these  specimens  of  the  renom  of  the  cobra  of  IndiA, 
I  have  also  been  fortunate  in  obtaining  specimens  of  vonoma  from 
other  parts  of  the  world. 

From  America,  Dr.  Weir  Mitchell,  of  Philadelphia — whose  work 
on  the  chemistry  and  physiology  of  serpents'  venom  constitutes  the 
great  advance  of  the  century  on  the  venom  of  viperine  serpents — has 
supplied  me  with  the  venom  of  three  species  of  rattlesnakes,  viz. 
Crolalus  Jwrridiu,  C.  adamanteut,  and  C.  durristu,  and  also  with  a 
s|«cimen  of  the  venom  of  the  Copper  Head  {^Trujonocephalua  contor- 
trix). 

From  Australia,  Dr.  Thomas  Bancroft,  of  Brisbane,  has  at  various 
times  gent  specimens  of  the  venoms  of  the  black  snake  {PaciidechU 
potyhyriaeiu)),  the  brown  snake  {Diemenia  aiipercilioia),  and  of  a 
large  unidentified  snuke  of  the  Diamantina  district  of  Quceueland 
(probably  a  new  Bpocies  of  Diemenia). 

From  Africa,  the  kindness  of  Mr.  Andrew  Smith,  a  distinguisfaod 
naturalist  of  Capo  Town,  of  Dr.  Brook,  of  the  Orange  Free  State, 
and  of  Dr.  John  Murray  and  Mr.  Van  Pultcu,  of  Cape  Colony,  has 
placed  at  my  disposal  small  quantitirs  of  the  venom  of  the  puff  adder 
\V\fer a  arietans),  iho  night  adder  Msj>«rfe/nj;»  lubricua),  the  yoUow 
cobra  (^Naja  hale),  and  the  "  Bing  Hals  Slang "  or  '*  Einkas " 
^Sepedon  hemachales). 

In  the  meantime,  however,  the  results  of  experiments  on  the 
inoculation  of  the  toxines  of  diseases,  as  well  as  of  proteid  toxines  of 
vegetable  origin,  had  suggested  to  several  observers  that  serpents' 
venom,  because  of  its  chemical  analogies  with  several  of  these  sub- 
stances, might  possibly  be  found  capable,  like  them,  of  producing 
immunity  against  tlie  effects  of  poisonous  doses  ;  and  further  impor- 
tant evidence  has  thus  beon  obtained  in  favour  of  the  reality  of  the 
protection  to  which  I  have  referred. 

Sewall,  in  1886,  undertook  an  investigation  with  the  object  of 
determining  if  immunity  against  the  fatiil  ctfccts  of  rattlesnake  venom 
conld  be  produced  by  the  inoculation  of  repeated  doses,  each  too  small 
to  produce  ill-cil'octs.  Tho  experiments  were  made  on  pigeons,  and 
ho  Bucceede<l  in  proving  that  immunity  could  bo  secured  to  the  extent, 
at  least,  of  protection  against  seven  times  the  minimum-lethal  doee. 
Kantliack  made  a  similar  scries  of  experiments  in  1801,  which  allowed 
him  to  concludo  that  rabbits  may  bo  aocuetomod  to  resist  lethal  doses 


of  oolm  reoora.  Working  vith  tiie  remam  ai  ripan,  KaafiBsao  ia 
189L,  and  FloMlix  and  Beitmad  ia  1893,  obbamtd  wiiwriBUHhU 
ATidntn  of  the  poaribility  of  pcodadiig  a.  ilt£mStn,  thaagk  bo*  ia^ 
Aag>BaqfwMtMM»«gMart4hoionc  efcctoof  Am  iiw  In  Oo 
fbUowing  jew,  Chl—i>toi,  iwtfuuing  mmm  ouliflr  oInrmtMaB  aUd 
knl  lad  him  to  oxpwi  the  opiaioa  dut  ptatactioB  a^uHl  nake 
vaaooi  eoaU  not  be  prodaoed,  publiabed  ovidanee  vaabmimg  tha 
ranlla  of  pcenoos  inTvatigatofs,  but  also  abovng  &at  a  U^ht 
degroe  of  protectkMi  oooU  ba  aeeqmd  than  thej  had  oiUaiMd,  for  ha 
a«ooeodod  in  -^tt""***"*^^  to  each  of  aevecal  imbfaiti^  withia  a  panad 
of  eighl  mootha.  a  total  qoaatity  of  irom  30  to  35  laiHigraanaaa  sf 


Ib  1S9L,  aiao,  both  Phiaalix  and  Bertraad  and  CalaaMai 
of  the  power  ef  flia  blood  ■aiiiu  of 
oootoraot  the  cfiBda  of  TonoaL    Oaloiettaat 
that  kypoddorite  and  ehlande  of  ealdniB  vera  aotidotaa  of  i 
aUo  Taloe;  and  in  a  later  paUioatkn,  he  shoved  that  the  1 
of  fcii{«w»l«  immnniaed  bj  the  adauBiatntkni  of 
eertaift  degree  oi  antidotal  elBeMej  a^inst  the  toxtoM  of  aemcal 


i 


In  the  case  of  man  j  of  the  venonu  vhid  I  have  had  the  good 
fbrtoae  to  obtain,  the  qoantitj  at  my  dispoad  waa  nol  iiafciimt  Ar 
rff*'«T*-'*»*  OKamtnation  on  the  plan  that  aeeiBed  deaJriMe,  and, 
bMldai^  th»  MMuastion  of  each  of  tixem  voald  teqinre  Wfenl  Bsatha 
of  work.  The  vanooa  tbat  have  as  yet  been  oaed  are  four  in  nambo; 
thoaa  namely  of  the  eobra  of  India  (Naja  irywfiaBt),  of  the  Ovtaima 
JM I  Mm  of  America,  of  a  large  colabrine  anaka.  probably  a  ipeeiei  of 
Dttmmia  from  Qoeensland,  Aostnlia,  and  of  the  S^pedcm  luemaAaUt 
cf  Africa.  They  are,  therefore,  thoae  of  the  moat  deadly  of  the 
pofaoDOOa  aerpenta  of  Asia,  AmBrina,  Aostzalia  and  Africa  respeo- 
tively ;  and,  farther,  they  are  reproaeotatiTe  of  the  duef  diAcenoea 
that  ooeor  in  tiie  oomposition  and  action  of  TenooiB,  for  they  are 
derived  from  members  of  the  two  great  groups  of  the  oolafarine  and 
riperiae  aerpenta.  My  supply  of  cobra  venom,  howeTer,  being  much 
largar  than  thai  of  any  of  the  others,  this  venom  vaa  diiefly  need  in 
the  experiments. 

An  fnaarinHnl  preliminary  to  exact  inTeatigations  with  active 
•abstaneea  moat  always  be  the  determination  of  the  activity  of  the 
■sfaataneea.  The  only  oonvcnient  method  for  doing  this  ia  to  define 
the  wi«^TW^  dose  capable  of  prodncing  death  for  any  given  weight  of 
aatanJ — that  is.  the  mtnimom-lcthal  doee.  The  venoms  in  their  natural 
liqnid  alato  an  nnstablo,  and  they  an  also  inconstant  in  activity, 
mainly  beeaoae  of  variatioofi  in  the  qoantity  of  the  water  which  they 
eotttain.  Dried  venom*  have  therefoie  been  used  in  all  the  experi- 
menia.  The  oobm  venom  has,  Lowever,  nearly  always  been  received 
ia  the  farm  of  a  dry  H>Ud ;  hot  when  this  was  not  so,  it  haa  been 
driiH  rn  mrwn  nver  sulpharic  acid. 

wem  made  with  it  on  scvcnl  aninials — as  the  frog, 
No.  90.)  I 
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giiinc&-pig,  rabbit,  vhite  rat,  cat,  and  the  innocnoas  grass  snake  of 
Italy  (^Tropedonotua  nalrix).  Very  conBidtrable  differences  were 
found  to  occur  in  the  minim nm-Ietliol  dose  for  each  of  those  animals. 
For  the  guinoa-pig,  the  minimum-lethal  doso  per  kilogramme  was 
•  00018  grm. ;  for  the  frog,  -0002  grm. ;  for  the  rabbit,  •  000245  grm. ; 
for  the  white  rat,  '00025  grm. ;  for  the  cat,  somewhat  less  than  '005 
grm. ;  and  for  the  grass  snake,  the  relatively  largo  doso  of  -03  grm.* 
Cobra  venom  ilrna  takes  a  position  among  the  must  active  of  knouTi 
snbsttmccs,  rivalling  in  its  lethal  power  the  must  potent  of  the 
vegetable  active  principles,  such  as  aconiline,  strophanthin  or 
acokantherin. 

These  facts  having  been  ascertained,  attempts  were  next  made  to 
render  animals  proof  against  lethal  doses,  by  admtuiBtering  to  them 
a  SUCoeBsion  of  gradually  increasing  non-lethal  closes.  These  were, 
for  the  first  few  doses,  in  some  of  the  exporiuients,  ouc-tcnth  of  the 
minimam-lcthal,  in  others  one-fifth,  in  others  one-half  of  the  mini- 
mam-lethal,  and  in  others  almost  as  great  as  the  minimum-lethal. 
At  VBTying  intervals  the  doses  were  repeated,  and  by-and-by  gradually 
increased,  until  the  actual  minimum-lethal  had  been  attained.  The 
subsequent  doses  by  gradual  increments  exceeded  the  minimum-lethal, 
and  after  five  or  sii  times  the  minimum-lethal  had  been  reached,  it 
was  found  that  the  increments  could  be  increased  so  that  each  became 
twice,  foiir  times,  aud  latterly  even  five  times  the  minimum-lethal, 
and  still  the  animal  sttSered  little,  and,  in  many  cofieB,  uo  appreciable 
injury. 

This  brief  statement,  however,  docs  not  represent  the  experi- 
mental difficulties  that  were  encountered.  It  describes  the  coui*so  of 
events  in  the  altogether  successful  experimentB.  Non-success,  how- 
over,  was  frequent,  and  many  failures  occurred  before  experience 
indicated  the  precautions  and  conditions  that  are  necessary  for 
fiuccess. 

Serpents*  venom  exerts  what  may  broadly  be  described  as  a  duplex 
action.  It  produces  functional  disturbances  unassociated  with  visible 
Btructoral  changes,  and  it  also  produces  obvious  structural  changes. 
The  latter  are  of  a  highly  irritative  character,  causing  intense  vis- 
ceral congestions  in  the  lungs,  kidneys,  and  other  organs,  and  when 
the  venom  is  given  by  subcutaneous  injection,  on  alt  the  sti-uctures  of 
the  skin  and  subjacent  parts.  There  are  apparently  also  some  definite 
changes  produced  in  the  blood,  with  regard  to  which  several  impor- 
tant facts  have  been  discovered  by  Dr.  Martin,  of  the  University  of 
Sydney,  and  by  Surgoon-Colonel  Cunningham,  of  Calcutta.  Irrita- 
tive effects  ore  obviously  produced  by  cobra  venom,  even  in  non-lctbal 
doses,  and  with  greatly  increased  virulence  by  doeoe  that  exceed  the 


Guinea-pig,  nearly  i  mlllig. 
Froff.  ^    i      ,. 

Rabbit,         nearly  \      „ 
White  tAt,  }      „ 


KiUon  (6  weeks),  2  niillig. 
Cat,  5      „ 

iirasB  snake,  :t  centig. 
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nuDimnm-lctbftl ;  bnt,  in  respect  to  this  action,  the  other  throe  vonoros 
naed  »re  grcatlj  more  actiro  than  the  venom  of  the  cobra.  Evidence 
was  obtained  to  indicate  that  in  the  procees  of  immnniKation  a 
diminution  oocnra  in  the  intensity  of  these  local  actions;  but  this 
diminution  does  not  proceed  so  rapidly  as  that  in  the  nnseen  fnnc- 
tional  or  other  changes  which  are  the  more  direct  caunes  of  death  ; 
and,  further,  the  local  irritative  changes,  after  having  been  produced, 
are  slower  to  dieappear  than  the  unseen  functional  disturbances. 
Until  these  facts  had  been  appreciated,  and,  indeed,  even  with  tho 
ado]>tioa  of  precautions  saggosted  bj  them,  frcqaeut  failures  occurred. 
The  apparently  contradictory  results,  occordingly,  were  obtained  of 
the  production,  by  gradually  increasing  doses,  on  the  one  hand,  of  a 
protection  against  quantities  much  above  the  minimum-lethal,  so 
perfect  that  no  apparent  injury  was  caused ;  and,  on  tho  otliur  hand, 
when  tho  intervals  of  time  separating  successive  doses  had  buen  too 
brief,  of  an  intuleranoe  bo  decided  that  death  was  produced  by  tho 
but  of  a  mooession  of  gradually  increasing  doses,  no  one  of  which 
was  lo  great  as  the  minimum-lethal.  The  latter  unfortunate  event 
wae  frequently  displayed  in  frogs  and  guinea-pigs,  and  attempts  to 
earry  immunisation  in  them  to  a  high  point  usually  resulted  in 
failure. 

Nntwithstanding  these  difficulties,  however,  snuh  gratifying  results 
have  l>een  obtained  as  that  rabbits  could  at  last  receive,  by  snb- 
cutan<-on!>  injection,  so  ronoh  us  ton,  t^vcuty,  thirt}\  and  even  tho 

arkablo  quantity  of  fifty  times  the  minimum-lethal  dose,  without 

ifosting  any  obvious  symptoms  of  poisoning. 

Almowt  the  only  ohRcrvable  phenomena  were  a  rise  in  the  body 
temperature,  which  continued  for  a  few  hours  after  the  injection,  and 
which  contrasts  with  the  fall  that  occui-8  aft«r  the  administration  of 
even  non-lothtil  doges,  in  non-protected  animals;  and  a  loss  of  appe- 
tite, which  osnally,  though  not  invariably,  occurred,  and  wns  probably 
the  cause  of  a  temporary  fall  in  weight  dnring  the  day  or  two  days 
snoooediog  each  injection.  On  the  other  hand,  during  tho  process  of 
Bun^csafal  immunisation,  the  animals  increased  in  weight,  fed  well, 
ujid  appeared  to  acquire  increased  vigour  and  liveliness. 

It  ia  marvellous  to  observe  these  evidences  of  the  absence  of 
iujurioua  effects,  and  even  of  the  production  of  benefit  in  an  animal 
wkich,  for  instance,  has  received  in  one  single  dose  a  quantity  of 
TOiiom  snfBcient  to  kill,  in  less  than  six  hours,  fifty  animals  of  tho 
■une  weight,  and  in  the  course  of  five  or  six  mouths  a  tottd  quantity 
of  vSROin  sufficient  to  destroy  the  lives  of  370  animals  of  tho  same 
lipoeiM  and  weight  (Fig.  1,  overleaf). 

With  the  cobra  venom  I  have  also  immunised  cats  and  white  rats, 
both  by  snbcntaneons  and  by  stomach  administration ;  but  the  sig- 
niflcancc  of  tho  latter  method  of  admiuistnition  will  bo  afterwards 
c<  A  horse  has  also  been  immuniscil ;  and  I  have  to  express 

m.  K.nB  U>  Principal  Williams  and  Prof.  W.  Owen  Williams 
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3It.  Davie,  also  of  the  Now  Veterinary  College,  for  mnch  Taluable 
assistaDcc. 

Following  the  same  plan  of  research  with  the  throe  other  venoms, 
it  was  found  that  for  rabbita  the  niinimum-lotba!  dose  per  kilognimmo 
of  tho  Diamantina  venom  is  0'015  grm. ;  of  the  venom  of  Scpvdon 
htemachatei,  -0025  grm. ;  and  of  tbo  venom  of  Crotalus,  -004  gnn.» 
The  Crotolus  venom  was,  in  its  purity,  altogether  comparable  with  tho 
cobra  venom ;  and  tho  dotcnninationfl,  therefore,  show  that  cobra 
Tenom  ia  sixteen  times  more  powerful  tlian  Crotalus  or  rattlesnake 
Tenom.  This  venom,  as  well  as  tho  two  others,  however,  much 
exceed  cobra  venom  in  tho  intensity  of  their  local  action.  When 
death  is  produced  by  Crotalus  venom,  the  subcutaneous  tissues  become 
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Fifl.  1. — ImmTinisBtion  of  a  rabbit  against  50  times  the  i»inimum>lelbal  dose  of 
cobra  venom.  Tho  crosaPB  L-oiiiiccted  by  tbe  ooutinuuua  line  represent 
HdniiniBtrationa  of  venom.  Tbe  dots  connected  by  the  interruptod  line 
represent  tho  weights  of  the  animal. 

extensively  infiltrated  with  a  large  quantity  of  blood  and  of  blood- 
stained serum,  the  underlying  mxisclos  are  reduced  to  an  almost 
pulpy  blood-stained  substance,  and  docompoaitioa  occurs  very  soon 
after  death.  Similar  changes  in  tlio  subcutaneous  tissues,  but  to  a 
rather  less  degree,  are  caiieod  by  the  Diamantina  venom,  and  in  addi- 
tion, hflematnria,  or  more  probably  bromoglobinuria,  was  invariably 
produced  by  letlinl  and  by  largo  non-lctlml  doeca.  I  inoution  those 
circutuBtauccB  to  indicate  tho  pt^rfoction  of  tlio  protection  which  is 
pruduced  by  tho  administration  of  successive  gradually  increasing 
doses ;  for  they  can  be  so  adjusted  that  a  dose  of  the  Diamantina 


DiMUjuatiQu  venom,        1}  milLii;remme. 
HfptdoH  hxuiacliaUt,        2^  „ 
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Tenom,  even  fifteeu  timea  larger  than  the  minimnm-lothal,  may  be 
kdmiaiatered  without  producing  more  tban  an  inconsiderable  degree 
Off  load  destractivo  effect. 

Erpcriinents  have  also  been  made  by  which  it  Las  boon  demon- 
strated tbat  wben  au  animal  bns  acquired  a  resistant  power  over  the 
minimum-lethal  dose  of  one  veuom,  that  animal  is  also  able  succcbb- 
fully  to  resist  the  lethal  action  of  a  duso  above  the  minimum-lethal 
.'•f  other  venoms.  To  a  rabbit  protected  against  cobra  venoin,  a  dose 
•Love  the  minimum-lethal  of  Sepcdon  venom  has  been  administered  ; 
U)  nibbits  jirotectcd  against  Crotalus  venom,  doses  above  the  mini- 
mum-lctlial  of  Diamontina  and  of  cobra  venoms  have  been  given ;  to 
rabbits  protccte<l  against  the  Diamautina  venom,  doses  above  the 
minimom-lethal  of  Crotalus  and  Sepedou  venoms  have  been  given ; 
and  in  Mch  ctse  the  animal  has  recovered,  and  but  few  symptoms  of 
injury  were  produced.  At  the  same  time,  in  other  experiments, 
indications  were  obtained  that  animals  protected  against  a  given 
Tttnota  are  capable  of  resisting  the  toxic  effect  of  that  venom  more 
eflEseioally  than  the  toxic  effect  of  other  venoms. 

The  experiments  have  not  yet  proceeded  suffioiently  far  to  show 
for  what  length  of  time  the  protection  conferred  by  any  final  letbal 
do«o  may  last.  It  has  l>een  discovered,  however,  that  protection  lasts 
for  at  Irast  a  considerable  period  of  time,  even  when  the  last  protec- 
tive dose  has  not  Iweu  a  large  one.  For  example,  to  a,  rabbit  which 
ha<l  last  received  four  times  the  minimum-lethal  dose  of  cobra  veuom, 
twice  the  miuimum-Iethal  dose  was  administered  thirty-four  days 
BabsAqnontly ;  while  to  another  rabbit,  which  had  last  received  twice 
the  minimum-lethal  dose  of  Crotalus  venom,  the  same  dose  of  this 
venom  was  administered  twenty  days  subsequently,  and  in  each  case 
the  second  dose  failed  to  produce  any  toxic  symptom. 

Having  thus  succeeded  in  producing  a  high  degree  of  protection 
in  animals  against  the  toxic  effects  of  serpents'  venom,  the  blood-sernm 
of  these  animals  was,  in  the  next  place,  collected  for  the  purpose  of 
lutiiig  its  antidotal  properties.  In  this  portion  of  the  investigation, 
the  method  followed  was  essentially  the  same  as  that  described  in  a 
eocnmnuication  made  by  me  to  the  Royal  Society  of  Edinburgh  in 
1871,  on  "  The  Antagonism  between  the  Actions  of  Physostigma  and 
Atropia,"  BA  it  appeared  to  be  the  most  direct  method  for  obtaining 
•ociumttf  knowledge  of  the  value  of  an  antidote. 

A  few  proUnunary  experiments  were,  however,  early  made  with 
the  sarum  of  aaimala  in  whom  the  (irotection  had  not  been  carried  to 
ft  high  di>gr«o,  and  they  were  sufficient  to  show  that  antidotal  proper- 
tiM  are  poMooood  even  by  this  sr^rum.  It  soon  became  appairnt  that 
in  ordw  to  obtain  some  reasonable  approximation  to  constancy  in  tlio 
conditions  of  the  exiKjriments,  it  was  jieccssiuy  that  the  serum  should 
bo  iu  such  a  state  tliat  it  would  remain  unchanged  during  at  least 
DTi^ral  weeks.  It  was  found  that  this  could  be  insured,  without  auy 
jipreciable  loss  of  antidotal  power,  by  drying  the  freshly-separated 
'temin  in  tho  receiver  of  an  air-pump  over  sulphuric  acid. 
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A  porfootly  dry  and  easily  pulvcrisable  solid  is  thus  obtained 
from  which  a  normal  serum  can  readily  bo  prepared  as  rcquirotl,  by 
dissolving  a  definite  quantity  of  tbo  dry  sorum  in  a  defioitc  quantity 
of  water.  The  dry  Rubstanco  is  on  the  averago  oquivEdcnt  to  about 
one-tenth  of  the  weight  of  the  liquid  eemm.  I  have  found  that, 
without  any  special  precautions,  it  retains  its  antidotal  power  unim- 
paired for  at  least  a  year,  and  it  is  probable  that  it  may  bo  kept 
unchanged  for  an  unlimited  period  of  time. 

To  this  antidotal  serum,  whether  in  the  dry  form  or  in  solution, 
I  hayo  given  tho  name  "  Antivenene,"  a  name  which,  notwithstanding 
otymological  objections,  has  the  advnntages  of  brevity  and  freedom 
from  ambiguity. 

The  experiments  now  ta  te  described  wore  made  with  antivenene 
derived  from  a  horso  which  had  lost  received  a  dose  of  cobra  venom 
istimatod  to  bo  twenty  times  the  mtnimum-Iothal.  On  some  previous 
I'aooasions  I  have  stated  tho  results  of  observations  on  tho  antidotal 
Talno  of  tho  blootl-scmm  of  rabbits  which  had  last  received  thirty 
and  fifty  times  the  minimum-letha],  resjiectively.  Tho  antivenene 
obtaitu^l  from  cats  aud  white  rats  has  nUo  been  esamincd.  The 
special  interest,  however,  is  attached  to  antivenene  derived  from  the 
horse,  that  it  is  more  likely  than  any  others  to  bo  used  in  the  treat- 
ment of  snake-bite  in  man. 

Tho  experiments  were  so  planned  as  to  obtain  in  different  con- 
ditions of  administration  as  exact  a  definition  as  possible  of  tho 
Antidotal  power  of  tho  antivenene.  In  tho  nioantimo,  four  series  of 
experiments  have  been  nudertukon  on  rabbits.  In  one  series  tho 
venom  was  miied  outssido  of  tho  body  with  the  antivenene,  and 
immediately  thereafter  the  mixture  was  injected  under  tho  skin  of 
the  animal ;  in  the  second  series  the  venom  and  autivoncno  wero 
almost  simnltjineonsly  injected  into  opposite  sides  of  tho  body ;  in 
tho  third  series  tho  antivenene  was  injected  sotno  couaiderablo  time 
bofore  tho  vonom ;  and  in  t1)o  fourth  series  the  venom  was  first 
iujocteJ,  and  thirty  minutes  nfterwards  the  antivenene. 

In  tho  experiments  of  the  Jir»t  series^  tho  doses  of  cobra  venom 
admiuistorod  wore  the  minimum-lethal,  one-and-a-half  tho  minimum 
lethal,  twice,  thrice,  four  times,  five  times,  eight  times  and  ten  times 
tlio  minimum-lothal.  In  tho  case  of  each  dose  of  vonom,  experiments 
wore  made  with  different  quantities  of  antiveneno,  until  tho  smallest 
quantity  required  to  prevent  death  was  discovered.  In  order  to 
render  it  certain,  in  this  and  in  tho  other  series,  that  a  lethal  dose 
had  boon  adminiutcrcd  in  tho  exjiortmonta  v/illi  the  so-called  minimum- 
lethal,  the  miniuuim-lcthal  indicated  by  previous  eijjorimcnts  was 
nut  UHi>rl,  but  instead  of  it  ft  slightly  larger  dose  ("00025  instead  of 
•00024  gramme  per  kilogroinmc). 

When  this  certainly  letlial  dose,  capable  of  producing  death  in 
three  or  four  liours,  was  mixed  with  the  antivenene,  and  tho  mixture 
injocte<l  two  minutes  al'turwards,  under  tho  skin,  it  was  found  that 
so  small   quantities   wero  sufficient  to  prevont  death   us    '001  c.c. 
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•0008  C.C.,  -0005  CO.,  and  -0004  c.c.  (1/1000.  1/1500,  1/2000,  and 
1/2500  of  a  c.c,  for  each  kilogramme  of  the  weight  of  animal ;  with 
•0003  c.c.  (1/333)  i)cr  kilogramme,  however,  the  aoimal  died.  The 
aotiTeneue  was  therefore  found  to  be  so  powerful  as  an  antidoto, 
in  the  conditions  of  these  experiments,  that  even  the  1/2500  part  of  a 
cubic  centimetre,  equivalent  to  about  the  ouc-hundred-and-fiftioth  port 
of  a  minim,  acted  as  an  efiBcient  antidote,  while  even  with  the  one-two- 
thonundth  part  of  a  cnbio  centimetre  not  only  was  death  prevented, 
but  there  was  almost  no  symptom  of  poisoning  produced.  In  the 
experimenta  of  this  series  with  one-and-a-half  the  minimum-lethal 
doM,  recovery  occurred  when  the  doses  of  antiveaene  were  -32  c.c, 
•3  c.c,  "28  c.c,  -25  cc,  and  -24  c.c.  per  kilogramme;  but  -23  c.c. 
and  '2  c.c.  failed  to  prevent  death.  In  the  experiments  with  twice 
the  minimum-lethal  dose,  recovery  occurred  when  the  doses  of  anti- 
venene  were  "5  c.c,  '4  c.c,  and  "35  c.c  ;  but  '3  c.c.  and  -2  c.c.  failed 
to  prerent  death.  In  the  experiments  with  thrice  the  miuimom-lethal 
dosD,  a  dose  capable  of  producing  death  in  less  than  two  hours,  re- 
covery occurred  when  the  doses  of  antivenene  were  •  7  c.c.  and  •  65  c.c. ; 
bat  death  occurred  with  -6  c.c,  -55  c.c,  and  5  c.c  With  four  times 
the  minimum-lethal  dose,  recovery  occurred  with  1-5  c.c,  1-3  c.c, 
and  1  *  2  c.c,  and  death  with  1  c.c  With  five  times  the  minimum- 
lethal  doso,  recovery  occurred  with  2-5  c.c,  2*2  c.c,  2  c.c,  1-8  c.c, 
onl  1  -5  c.c. ;  but  death  with  1*3  c.c.  With  eight  times  the  minimum- 
lutbal  dose,  recoYory  occurred  with  2*6  c.c  and  2*5  c.c;  but  death 
with  2*1  c.c,  2*3  c.c,  and  2  c.c.  And  even  the  enormous  dose  often 
tiroes  the  mioimum-lethal  failed  to  produce  death,  or  any  important 

iptoms,  when  it  had  previously  been  mixed  with  3-5  c.c.  and 
'4  c.c  of  antivenene  for  each  kilogramtuo  uf  animal ;  and  it  only 
fiMtldtsd  in  producing  death,  although  not  until  the  lapse  of  several 
tenilk  when  the  doses  of  antivcncno  were  3*3  c.c,  3*2  c.c,  *3  cc, 
and  2' 5  c.c.  per  kilogramme. 

These  results  show  a  remarkable,  an  almost  directly  proportional 
ftOOordance  in  the  incremout  required  in  the  dose  of  antiveueue  for 
6fteh  increment  in  the  dose  of  venom.  In  the  diagram,  the  compara- 
tively  straight  direction  of  oblique  lino  separating  the  fatal  from  the 
Doo-fatal  experiments  is  noteworthy,  considering  that  the  conditions 
of  tlM  oxporiinente,  in  regard  both  to  tho  animals  and  the  substances 
Med,  could  never  be  absolutely  tho  same.  Indeed,  from  twice  the 
ouniiDiim-Iethal  dose  of  venom  upwards,  tho  addition  of  littlo  more 
than  "3  c.c.  per  kilogramme  represents  tho  mldition  in  the  quantity  of 
autiToncne  required  for  each  addition  of  a  minimum-lethal  doso  of 
venom.  Apparently  the  antivenene  is  able  in  this  proportion  to 
prevent  death  from  almost  any  letlial  dose  of  venom,  however  large 
it  may  be  (Fig.  2,  overleaf). 

These  results  arc  in  marked  contrast  with  those  that  occur  when 
aa  antidoto  actM  1>ecuaiio  of  its  physiological  properties,  and  they 
tlono  mggvHt  that  the  uutidotism  is  rather  the  eSect  of  a  chemical 
than  of  »   pbyaiulogical   reaction.     Tho   indications  obtained  with 
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doses  of  twice  tbo  miniinum-letbal  and  upwards  cannot,  howevor,  bo 
carried  down  to  the  mininium-lctlial  doso.  Tho  quantity  of  anti- 
▼enene  required  to  prevent  death  fri>ra  this  doso  is  much  less  than 
might  have  been  anticipated  when  tho  results  of  exjioriments  with 
larger  dosos  are  considered.  Thus,  it  appears  that  whilo  •  35  c.c.  of 
antiveueno  jxt  kilogramme  is  required  to  prevent  death  from  twico 
tho  minimum-lethal  of  venom,  tho  mhiuto  quantity  of  the  l/2500th 
of  a  C.C.,  or  nearly  1000  times  less  ("0004  as  compared  with  '35  c.c), 
is  suflicieut  to  prevent  dtmth  from  a  littlo  more  than  tho  minimum- 
lethal  doso  of  venom.  It  is  apparent  that  this  miunto  quantity  of 
antivenene  does  not  render  inert  tho  whole  of  the  miuimum-lothal 
dose.     All  that  ia  required,  in  order  that  tho  mlDimum-lethal  doae 
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should  not  produce  death,  being  that  only  a  miiinfo  portion  of  it 
should  be  rendered  inert;  for,  if  this  dose  bo  tho  actual  minimum- 
lethal,  the  rendering  inert  of  any  portion  of  it,  however  minute,  will 
prevent  tho  remainder  from  causing  death. 

In  tho  mcontl  iier!e»,  experiments  with  the  antivoncno  of  the  horso 
have  hoon  comjileted  only  with  one-and-a-half  tho  minimum-lethal 
doao  of  Tfiiom.  When  this  dose  WEia  injected  into  the  snbcutaneoua 
tisBuos  of  one  sido  of  the  Ixjdy,  and,  immediately  tlioreaftor,  a  doso 
ftf  antivenene  into  the  subcutaneous  tissues  of  the  opposite  side,  it 
was  found  that  antivenene  in  doses  of  3  c.c.  and  3*3  c.c.  per  kilo- 
gramme failed  to  prevent  death,  but  that  3*6  c.o.  and  3*6  c.c.  per 
kilogramuie  were  able  to  dn  so. 

In  the  third  teries,  oxpcriments  havo  boeu  made  with  tbo  minimum- 
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lethal,  ono-and-a-balf  tho  minimam  lethal  and  twice  the  minimum- 
l«thal  dose  of  cobra  veuom.  With  the  first  of  these  doses,  rocoYery 
oocaned  -mth  -5  c.o.,  '45  cc,  and  '42  c.c. ;  but  death  with  -4  o.c., 
•Sec,  and  '26  c.c.  of  antivenene,  administered  thirty  minutes  before 
the  reaom.  With  one-and-a-half  the  miuimuni-lethal  of  venoni, 
3*9  c.o.  and  2 '7  c.c.  of  antivenene  were  able  to  prevent  death  ;  wbilo 
2*6  c.c_,  2'5  c.c.  2"3  cc,  and  2  cc.  each  failed  in  doing  so.  With 
twice  the  minimum-lethal  dose  of  venotn,  recovery  occurred  when  the 
doees  of  aDtiveneDO  were  5  cc,  4*5  cc,  and  4  c.c  ;  but  M*0  c.c, 
3-8  CO.,  3-5  c.c,  2-6  c.c,  and  2  cc  were  insufficient  to  prevent dcitth. 

In  the  fourth  sertea,  where  tho  results  give  the  truest  indications 
of  the  antidotal  value  of  antivenene  in  tho  actual  treatment  of  snake- 
poisoning,  it  was  found  that  recovery  occurred  in  tho  experiments  in 
which  "8  cc,  '7  cc,  and  '06  c.c.  per  kilogramme  of  antivenene  was 
injected  thirty  minutes  after  an  assuredly  minimum-lethal  dose 
/ -00025  per  kilo.)  of  venom ;  but  that  the  antivenene  was  insufficient 
to  qnantity  to  prevent  death  when  '6  c.c.  or  any  smaller  quantity 
was  administered.  In  this  series,  further,  it  wos  fonnd  tlint  3-4  c.c, 
and  3*2  cc.  per  kilogramme  of  antiveueue  were  sufficient  doses  to 
prevent  death  after  one-aud-a-half  the  minimum-lethal  dose  of 
venom,  but  that  3  c.c,  2-8  cc,  and  2*5  c.c.  per  kilogramme  wcro 
imafficient.  In  a  corresponding  scries  of  experiments  made  with 
the  antivenene  derived  from  rabbits  which  had  last  received  thirty 
and  fifty  times  the  minimnm-lothal  dose  of  cobra  venom,  it  was  found 
that  5  c.c.  per  kilogramme  of  this  antivonono  was  the  smallest  dose  by 
whiirb  doath  could  be  prevented  in  an  animal  which  hod  received 
twio«)  the  minimum-lethal  dose  of  venom  thirty  minutes  previously. 

Attention  is  conspicnouidy  drawn  by  these  facts  to  the  remark- 
able differenco  in  tlie  dose  of  antivenene  which  is  required  to  prevent 
deftth  when  it  is  mixed  with  the  venom  before  administration,  as  con- 
tnstod  with  the  doses  required  when  the  two  sulmtaaccs  have  not 
previonaly  been  mixed  together.  Restricting  attention  to  tho  expcri- 
mentB  in  each  series  in  which  the  dose  of  venom  was  tho  same — to 
the  experiments  with  one-and-a-half  the  minimum-lethal  dose,  for 
iaataace^it  appears  that  in  order  to  prevent  death,  when  this  doso 
mixed  with  antivenene  before  administration,  only  -24  cc.  of 
antivenene  is  required  ;  whereas,  when  both  substances  were  injected 

nltoneonsly,  but  under  the  skin  at  different  parts  of  the  body,  the 

uirod  doBo  of  antivenene  is  3*5  cc;  when  the  antivenene  was 
Injected  thirty  minutes  before  the  venom,  it  was  2 '7  cc ;  and  when 
tiic  renom  was  injected  thirty  minutes  before  the  antivcuene,  it  was 
3"  2  cc.  per  kilogramme. 

It  i»  impossible  to  coDsider  the  great  difference  between  the  doso 
of  antivenene  required  when  tho  two  substances,  though  in  each  case 
8ininlt.inc<^fn*ly  administered,  are,  in  the  one  case,  mixed  together 
I  -lion,  and  in  the  other  not  so  mixed,  without  again  having 

Li  I  iou  originated  that  the  autidotisni  is  the  result  of  chemical, 

and  not  uf  physiological  reactions. 
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This  suggestion  receives  a  further  support  from  the  fact, 
observed  in  several  experiments,  that  the  longer  before  thoir  adminis- 
tration the  two  substances  wore  allowed  to  remain  together  after  they 
bad  been  mixed,  the  greater  is  the  antidotal  efficiency  of  the  anti- 
Teneno.  Thus,  while  1*3  c.c.  per  kilogramme  of  antivenene,  mixed 
with  five  times  the  minimum-lethal  dose  of  venom,  was  followed  by 
death  when  the  two  had  been  mixed  together  five  and  also  ten  minutes 
before  administration,  this  mixture  was,  on  the  other  hand,  followed 
by  recovery  when  the  interval  before  the  administration  was  extended 
to  twenty  minutes.  In  order  to  obtain  tmiform  and  comparable 
results  in  the  first  series  of  experiments,  it  was  thereforo  found 
necessary  to  adlierc,  in  all  the  experiments  made  with  the  larger  doses 
of  venom,  to  a  time  limitation  of  not  more  than  ten  minutca  before 
the  mixed  substances  were  injected. 

I  have  also  administered  cobra-antiveneno  thirty  minutes  after  a 
dose  one-twelfth  larger  than  the  niinimum-letbal  of  the  venoms, 
respectively,  of  the  Sepedon  hsemackates,  the  Crotaim  horridus,  and 
the  Diamantina  serpent;  and  the  animals  experimented  on  have 
recovered  when  the  doso  of  cohra-antivonene  was  not  smaller  than 
1 '  5  c.c.  per  kilogramme.  This  succeeRful  result  is  all  the  more 
remarkable  when  the  intensely  destructive  effects  produced  by  even 
smaller  doses  of  each,  but  especially  of  two,  of  these  venoms  is 
recollected. 

The  antivenene  derived  from  rabbits  which  had  been  protected  to 
the  extent  that  they  had  last  received  fifteen  times  tlio  minimum- 
lethal  dose  of  the  Diamantina  venom  has  also  been  tested  against  the 
Diamantina  venom  itself.  When  the  two  were  administered  together, 
after  having  been  mixed  in  vitro,  this  antivenene  in  a  dose  of  0'5 
(1/20)  c.c.  per  kilogramme  was  able  succes-sfully  to  antagonise 
slightly  less  than  one-and-a-half  the  minimum-lethal  dose  of  tho 
venom  ;  but  '025  (1/40)  c.c.  per  kilogramme  failed  to  do  so. 

In  tho  cxfteriments  which  I  have  hitherto  described,  and,  indeed, 
apjmrently  in  all  others  made  in  this  new  subject  of  scnim  thera- 
peutics, protection  has  been  produce*!,  and  the  autidutal  properties 
of  the  antitoxic  blood-sorum  have  been  tested,  by  tho  subcutaneons, 
or,  less  frequently,  by  the  intravenous  injection  of  the  venom  or 
other  toxic  suhstauce.  No  endeavour  scorns  to  have  been  made  to 
discover  how  far  the  same  effects,  or  whut  effects,  may  be  produced 
by  strimach  adniinistration. 

Anticipating  that  results  of  an  interesting  nature  might  bo 
obtained  by  tliis  method  of  administration,  I  have  adopted  it  for  tho 
introduction  of  both  autiveueuo  and  venom  into  the  body,  and  the 
results  have  even  exceeilcd  my  anticipations. 

Tho  platj  followed  was  the  simple  one  of  mixing  the  substances, 

previously  dissolved  in  water,   with  a  small  quantity  of  milk,  and 

allowing  white  rats,  which  iiad  not  received   any   food  for  several 

hours  previously,  to  drink  this  milk.     In  the  meantime,  I  will  brietly 

ideecribo   only    those   oxjicrimonts   in    which    antivenene    wa.s    thus 
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MlminiRtorod,  rosorring,  for  a  few  minntos,  a  description  of  the 
results  that  were  obtained  when  the  venom  itself  was  used. 

The  first  cx]i«riment8  were  made  with  the  object  of  determining 
if,  by  re(>eating  the  process  followed  in  the  production  of  immunity, 
with  the  oxca]>tioDS  that  the  administrations  wero  by  tho  stomach, 
and  that  antivenene  was  substituted  for  venom,  an  auimal  could  be 
prutectod  against  tho  poisonous  efifects  of  venom.  With  this  object, 
a  white  rat  received  on  alternate  days  during  several  weeks,  doses  of 
autivonene,  which  were  gradually  increased  from  1  to  10  c.c.  per 
kilogranmie,  and  then,  by  Buboutaiieous  injection,  one-ainl-a-half  tho 
niinimuni-lothal  doses  of  cobra  veuom ;  with  the  result  that  death  was 
not  produced.  Other  white  rats  received  10  co.  per  kilogramme  on 
«Ach  of  four  days,  and  on  the  fifth  day  15  c.c.  per  kilogratnrae  of 
a&tiveneoc!,  and  still  recovery  took  place  when  one-and-a-hnlf  and 
one-«nd-three-qnartcr8  the  miniunim-lethal  dose  of  venom  was  injected 
■iMier  the  skin.  To  other  white  rats,  10  c.c.  and  15  c.c.  of  antiveucno 
wens  given  by  tho  stomach,  on  two  successive  days,  and  on  tlio 
•ecood  duy,  one-and-u-half  tho  minimum-lethal  duse  of  venom, 
and  iho  reenlt  also  was  that  death  was  prevented.  It  was  thus 
•aggoated  that  a  single  administration  of  autivenono  might  be  as 
efficacious  as  a  soooessioQ  of  administrations ;  and  accordingly,  the 
antidotal  efficiouoy  of  single  doses  of  7  and  of  10  c.c.  per  kilugramme 
«a«  tested,  in  some  instances  three  hours,  in  others  two  days,  and 
of  16  CO.  three  days  before  one-and-a-half  the  miuimum-lothal  dose 
of  venom  was  subcntanoously  injected;  aud  in  all  cases  tho  animals 
recovered.  When,  however,  5  c.c.  per  kilogramme  of  antiveneno 
was  thiu  administered  three  hours  before,  and  10  c.c.  ])«r  kilogrammo 
three  days  before,  one-and-a-half  the  minimum-lethal  dose  of  venom, 
thu  animals  died. 

The  experiments  havo  not  as  yet  been  carried  farther,  but  I  hope 
to  eootiuue  thvia  so  that  tho  limits  of  tho  antidotal  power  of  the 

IftntiTSOeuo,  and  tho  duration  of  the  protection  after  siuglc  dot^es  of 
•altTSOiODe,  may  be  defined.  Enough  has,  however,  beeu  done  to 
proTs  that  the  stomach  administration  of  antivcnene,  equally  with  its 
raboabuioons  administration,  ccmfers  protection  against  lethal  doses 
of  eerponts'  venom,  and  to  jnstily  tho  use  of  untiveneue  by  the  former 
and  more  convenient  method  for  tho  purpose  of  securing  protection 
Hv,  at  U^ast,  a  period  of  several  days  after  a  single  admiuistratioa 
|K  t}io  protecting  antidote. 
Tho  facts  hitlierto  narrated  are  sufficient  to  establish  that  tho 
protection  acrpiirod  by  animals  as  a  rosalt  of  tho  administration  of 
Tooom  is  not  uliieOy,  or  oven  to  any  important  degree,  caused  by  tho 
yntaoax  having  pr<j<luced  a  tcderauce  by  accustoming  tho  body,  as  it 
hm  boen  expressed,  to  tliv  presence  of  tho  venom — nlth'Ugh  a  c«rtuin 
degroe  of  thiH  protection  may  possibly  be  duo  to  sucli  nwiiBkimitig — 
bat  rathor  to  thu  presence  iu  the  bwly,  as  a  result  of  llici  introduction 
itxUt  It  of  viiuutii,  of  a  defiuito  siibstauoc  having  anli  venomous  qualities. 
Nutwithntaading  the  powerful  protective  aud  antidotal  action  of  this 
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Bubstance  (antivonene)  against  serpents'  TeDom,  it  is  instructive  to 
find  that  it  is  itself  almost  devoid  of  any  physiological  action,  for 
even  very  largo  quantities  may  be  injected  under  the  skin  without 
producing  any  other  physiological  reaction  than  a  moderate  degree  of 
irritation  in  the  neighbourhood  of  the  injection.  How  then  are  we 
to  ciplain  the  operation  of  this  physiologically  inert  subBtanco  in 
protecting  an  animal  against  even  fifty  times  the  miuimnm-lcthal  dose 
of  venom,  or  by  a  single  admiuistrutiun  of  it,  in  saving  an  animal 
from  death  after  there  has  been  introduced  into  its  body  more  than 
twice  the  quantity  of  venom  that  is  required  to  kill  it?  When  tn 
answer  has  been  attempted  to  be  given  to  this  question  in  discusaions 
in  the  wider  field  of  the  serum  therapeutics  which  deals  with  the 
toxinea  of  diseases,  the  answer  has  been  found  either  in  the  destruc- 
tive power  of  phagocytes  upon  microbes  and  their  toxinea,  or  in  the 
tlioory  that  the  tosine  elaborates  from  the  blood  the  antidotal  anti- 
toxino,  which,  whether  thus  originated  or  separately  introduced  into 
the  body,  confers  upon  the  body  a  resisting  power  which  enables  it 
to  oppose  successfully  the  injurious  action  of  the  toxines. 

These  answers  cannot  solvo  the  problem  in  so  far  as  snake  venom 
ie  concerned.  Phagocytosis  cannot,  of  course,  operate  in  vitro  in 
solutions  which  are  free  from  organised  structures.  Even  when  solu- 
tions of  venom  and  antivonene,  mixed  together  in  vitro,  have  been 
inserted  into  the  body,  it  is  incredible  that  tlie  increase  in  the  quantity 
of  antivenene  by  the  l/500th  pai't  of  a  cubic  centimetre  could  cause 
such  an  iucreaecd  proliieratiou  of  leucocytes  as  to  prevent  a  lethal 
dose  of  venom  from  producing  death,  whereas  a  dose  only  the  l/500th 
part  of  a  cubic  centimetre  smaller  would  be  unable  to  do  so.  Further, 
there  is  no  observable  increase  of  leucocytes  whou  much  mure  than 
these  infinitesimad  quantities  of  antivenene  have  been  administered  to 
an  auiuml. 

In  view  of  many  of  the  facts  that  have  to-night  been  stated,  the 
"  resistance  of  tissues  "  theory  is  also  untoiiablo.  It  is  ojiposed,  for 
instance,  by  the  fact  that  so  great  a  quantity  of  antivenene  as  '42  cc, 
or  nearly  ^  of  a  cubic  centimetre,  per  kilogramme  is  required  to 
prevent  death  when  given  thirty  minutes  before  a  lethal  dose  of 
venom,  whereas,  for  the  same  dose  of  venom,  only  '0004  c.c.,  or  the 
l/2500th  part  of  a  cubic  centimetre,  or  nearly  the  1/lOOOth  part  of 
the  former  dose,  is  sufdcicnt,  when  it  is  mixed  with  the  venom  before 
administration,  and  in  circumstances,  therefore,  which  aro  much  less 
favourable  for  the  production  by  the  antivenene  of  this  supposed 
increase  in  the  resistance  of  the  tissues. 

Ab  I  have  already  pointed  out,  however,  a  chemical  theory, 
implying  a  reaction  between  antivenene  and  venom,  which  rusults 
in  a  ueutralisatton  of  the  toxic  activities  of  the  venom,  is  entirely 
compatible  with  the  observed  facta. 

The  experimouts  which  I  have  described  to-night  indicate  that, 
with  some  limitations  in  the  largest  quantities,  the  greater  the  quantity 
of  venom  that  has  been  introduced  iuto  the  body  in  the  process  of 
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prodacing  promotion,  the  greater  is  tho  anti-voDomons  power  of  the 
Uood-semm,  and  therefore  the  larger  is  the  prodnction  of  the  anti- 
Tenene.  Wliile  not  an  actual  proof,  this  circumstance  is  at  the  same 
time  in  harmony  with  the  supposition  tliat  the  antivcnene  may 
actaolly  be  a  constitnent  of  the  venom  itself.  The  difficulties  en- 
Gonntered  in  the  separation  by  chemical  methods  of  the  several  con- 
■titaents  of  venom  are  so  great,  that  it  is  not  probable  that  tho  only 
proof  or  di^pruof  of  this  tiupposition  will  soou  be  obtained  by  chomioiJ 
•nalysia.  Some  physiological  experiments  which  I  have  made  seem, 
however,  to  go  a  long  way  in  supplying  tho  demonstration,  which 
in  the  meantime  has  not  been  obtained  from  chemistry. 

With  the  object  of  determining,  in  the  first  place,  if  tho  still  dis- 
patod  8tatc'4nent  is  correct,  that  serpents'  venom  is  inert,  or  nearly  so, 
when  introduced  into  the  stomach  of  an  animal,  cobra  venom  was 
administered,  in  a  series  of  gradually  increasing  doses,  to  a  CAt,  until 
finally  it  had  received  a  single  dose  eighty  times  larger  than  tlio 
minimum-lethal ;  and  to  each  of  six  white  rats,  single  doses  corre- 
sponding to  10,  20,  40,  300,  600,  and  1000  times  the  minimum-lethal, 
if  given  by  subcutaneous  injection.  Although  no  poisonous  symptoms 
were  produced  in  the  animals  by  even  the  largest  of  these  enormous 
quantities,  it  was  found  that  the  cat  had  so  far  been  protected,  that  it 
ooald  afterwards  receive,  by  subcutaneous  injection,  one-and-a-half 
the  minimnm-lotfaal  dose  of  cobra  venom,  without  any  othur  injury 
tiiCB  aome  localised  irritation  at  the  scat  of  injection  ;  and  that  tho 
white  rat,  into  whose  stomach  1000  times  the  minimum-lctbal  doso 
had  been  introduced  by  one  administration,  survived  perfectly,  when 
■eren  days  aftenvards  slightly  more  than  the  minimum-lethal  dose  of 
Tenom  was  injected  under  the  skin. 

It  was  also  found  that  the  blood-serum  of  the  cat  was  definitely 
utivonomons,  and  the  cnrious  further  fact  was  ascertained  that  her 
progeny  had  acquired  protection  througli  the  milk  supplied  by  tho 
protected  mother,  thus  supplying  a  scientific  foundation  for  a  hali- 
•dtnitted  conviction,  exprcssi^  by  Wendell  Holmes  throughout  bis 
*  Roausoe  of  Destiny,'  in  regard  to  the  heroine  Elsie  Vonner. 

These  eignificant  facts  have  been  extended  in  a  number  of  other 
espeoments  on  white  rats.  In  one  group  of  experiments,  each  animal 
reeeived,  by  stomach  administration,  500  times  tho  minimum-lethal, 
if  givm  stibcntaneoasly ;  and,  as  before,  no  toxic  symptonis  were 
obnrred.  On  the  day  following  this  administration,  three  of  the 
MrilWftl*  reoeivod  subcutaneously  one-and-a-half  the  minimum-lethal 
doao  at  the  auae  cobra  venom,  and  they  all  recovered.  lu  one  of  tho 
other  throe  animals,  however,  death  was  caused  by  this  dose,  when  it 
traa  iojoctod  only  three  hours  after  the  stomach  adininistration  ;  in  a 
■enond,  wbcn  this  dose  was  injected  two  days  after  the  stomach 
■dmtni«tration  :  and  iu  tho  thirl,  when  nearly  twice  the  minimura- 
UUud  wan  iujcctal  twenty -foar  hours  after  the  stomach  administration. 

In  •  moond  gmnp  of  experiments,  a  doso  of  cobra  vcJiom  oquiva- 
IcDt  to  1000  timcM  the  minimum-lethal  by  subcutaneous  injection  was 
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introdnocd  into  tho  etomach.  On  soveral  occasions  in  which  this  liod 
been  done,  an  injection  under  tho  skin  of  one-and-a-half  tho  miuiinum- 
lethal  doBO  of  venom  made,  in  some  experiments,  two  days,  and  in 
others  three  days  afterwards,  resulted  in  the  recovery  of  the  animals, 
As  was  anticipated,  this  large  quantity  introduced  into  tho  Ktnmncli, 
conferred  immunity  against  only  certain  lethal  doses  of  venom,  and, 
for  each  lethal  doso  capable  of  being  rendered  innocuous,  only  within 
certain  definable  intervals  of  time. 

The  extraordinary  result  was  thns  obtained  that  serpents'  venom 
introduced  into  tho  stomach  in  largo  quantity — in  a  quantity,  which, 
if  injected  under  the  skin,  would  be  fiiifficient  to  kill  1000  animals  of 
the  same  species  and  weight — while  it  failed  to  produce  any  definito 
symptoms  of  poisoning,  nevertheless  pnxluced  complete  protection 
against  the  lethal  effect  of  doses  of  venom  more  tliau  sufficient  to  kill 
tho  animals.  There  is  a  probable  significance,  further,  in  tho  general 
resemblance  between  the  results  of  these  experiments  and  those 
already  described  in  wliich  antiveuene,aud  not  venom,  was  introduced 
into  the  stomach.  Tbe  bearing  of  these  facta  is  obvious  upon  discus- 
sions relating  to  tho  production  of  immunisation  against  the  toxines 
of  diseases  and  to  the  origin  of  tho  antidotal  qualities  of  the  blwKl- 
Bcrum  used  in  their  treatment.  It  is  difficult  to  account  for  them 
otherwise  than  by  supposing  that  tho  venom  while  iu  tho  stomach 
had  been  subjected  to  a  process  of  analysis,  by  which  the  coiistitiieuts 
which  are  poisonous  had  failed  to  be  absorbed  into  the  blotnl,  or  had 
been  destroyed  in  the  stomach  or  upper  part  of  tho  alimentary  canal, 
while  tho  constituent  or  constituents  which  are  antivcnomous,  or 
nither  antidotal,  had  passed  into  the  blood,  in  sufficient  quantity  to 
protect  tho  animals  against  otherwise  letlial  ailuiiuistrations  of  venom. 
I  confidently  Bnticipjito  that  this  natural  process  of  analysis  will,  by- 
and-by,  bo  successfully  repeated  outsino  of  the  body  by  chemical 
methods. 

It  is  farther  to  be  observed  that  by  stomach  administration  a 
degree  of  protection  was  acquired  in  a  few  hnurs  against  lethal  doses, 
such  as  cannot  be  attained  until  after  the  lup^e  of  several  weeks  by 
tho  method  of  injecting  under  the  skin  a  succeBsion  of  gradually 
increasing  doses  of  venom.  In  circumstances,  which  are  no  doubt 
exceptional,  tho  application  of  this  method  may  therefore  acquire 
some  practical  value. 

Early  this  evening,  I  had  occasion  to  point  out  that  the  loading 
facts  connected  with  immunisation  or  protection,  now  being  advanced 
as  scientific  novelties,  had  apparently  been  ascertained  and  practically 
applied  for  centuries  by  savage  and  uncultured  tribes  and  sects  in 
variinis  {larts  of  the  world.  In  regard  to  the  results  I  have  Istst 
described,  also,  I  discover  that  I  have  been  anticipated  by  a  long- 
existing  and  even  now  prevailing  practice  of  unlearned  savages.  I 
have  found  in  tho  Lanrct  of  1886,  an  interesting  note  by  Mr.  Alford 
Bolton,  containing  tho  following:  "Tho  most  deadly  snakes  hero  are 
the  pufl-oildcrs,  tho  yellow  cobra  eapcUas,  the  horn-snakes,  and  the 
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niglit  adders.  Wliilst  frequently  hearing  of  horsoB  and  cattle  rapidly 
Baocombing  to  the  bit«s  of  these  snakeg,  it  appeared  strange  that  the 
natives  themselves,  who  mostly  ramble  about  tlio  Voldt  almost  naked, 
eeldoin  or  never  appeared  to  eufier  any  further  iuconvenionce  from  the 
bites  of  puisouooa  makes  than  wouhl  bo  usual  from  any  accident 
which  would  mnso  a  local  inflammation ;  and,  on  close  inqniry,  I 
found  that  tho  uatiros  in  Bushmanliiud,  Namaqiialaud,  Damoraland, 
and  the  Kalahari,  are  in  the  habit  of  extracting  tho  puifion-glund 
from  tho  suflko  immediately  it  is  killed,  squeezing  it  into  their  mouths, 
an>l  drinking  the  secretion,  and  that  they  thereby  appear  to  acquiro 
akeolute  immunity  from  tho  effects  of  snake-bites."  He  proceeds  to 
describe  the  native  treatment  of  snake-bite,  and  then  adds :  "  Having 
a  mootb  ago  seen  a  native  named  Snellstove,  who  is  a  snake-poisou 
drinker  and  collector,  put  his  hand  into  a  box  containing  two  yellow 
cobras,  and  several  horn-  and  night-adders,  in  doing  which  he  was 
severely  bitten,  and  has  never  since  suffered  anything  more  than  a 
littlo  pain,  such  as  might  be  caused  by  any  trivial  mishap,  I  feel  I 
can  no  longer  refuse  to  believe  in  the  efficacy  of  tho  snake  virus 
itself  as  a  remedy  against  snake-poison."  Among  several  communi- 
cations which  I  have  recently  received  on  the  subject,  is  one  from 
IHt.  Knohel,  of  Pretoria,  who  writes  that  when  a  boy  he  camo  into 
fre({aont  association  with  a  Bushman  shepherd,  who  informed  him 
that  ho  had  for  years  boon  in  the  habit  of  swallowing  small  qnuutities 
of  tho  dritxl  venom-glands  of  serpents,  and  he  averred  that  by  doing 
eo  he  obtained  protection  against  serpents'  bites,  for  ho  had  often 
been  bitten  without  any  other  ill  effect  than  that  an  irritable  wound 
wa«  pruduceil.  Ho  stated  thot  the  swallowed  venom  of  tho  cobra  pro- 
duot>d  greater  protection  than  the  venoms  of  less  poisonous  scrjxints ; 
tliat  not  only  was  this  benefit  produced  by  the  swallowing  of 

om,  but  that  there  was  also  produced  an  exciting  intoxication, 
differing  firom  that  of  Indian  hemp  in  so  far  that  the  vonom  always 
prodooed  the  same  degree  of  intoxication  with  a  definite  quantity, 
howoTor  frequently  it  was  taken,  while  the  effects  of  tho  Indian  hemp 
frero  gradually  lessened  by  rejietition.  Another  correspondent,  Dr. 
Laurence,  of  Cape  Colony,  writes  that  a  KafBr  boy,  "aged  about 
twcnty-fivo  years,  frequently  brings  me  for  sale  snakes  of  all  kinds. 
...  I  have  frequently  seen  this  boy  take  hold  of  some  roost  deadly 
snakes,  especially  the  well-known  puff-adder,  which  he  will  allow  to 
bite  hun  with  impunity.  Yesterday,  I  obtained  from  him  what  ho 
the  reason  why  the  poison  did  not  harm  him.  When  a  little 
while  walking  in  the  Veldt,  a  puff-adder  fastened  on  his  leg.  Ho 
it  off,  calling  to  his  father,  who  a  few  minutes  aftc^r  killed  tlio 
k-r  and  removed  the  poison  glands.  He  then  made  small 
pellets  and  dipped  them  in  the  poison,  and  administered  one 
oeeuionally  to  tho  boy,  who  stated  thut  that  cured  him.  He  ex- 
{ifMMd  hia  willingncAs  to  let  any  snake  bite  him." 

Sftreral  other  letters  I  have  received  dcscribo  similar  events,  and 
ooufirm    the  statement   of  Dr.    Enobel,    that   serpents'   venom 
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I  imducoa  intoxicating  oQucts  in  man,  evidonces  of  which  have  been  ob* 
'  Mrred  in  many  of  the  oxpcrimcnts  mado  by  mo  on  the  lowor  aniuiala. 

Tho  roHiilta  of  the  oxperimonte  in  which  tlio  veiiora  was  introduced 
into  tho  stoniivch,  probably  also  afford  an  explanation  of  tbo  pmtcctioii 
onjoyoil  by  ciTtain  snake-charmers,  as  woU  a«  by  otlier  individuals 
who  claim  to  bo  protected,  whether  morabers  of  Hpeciiil  Beets  or  not ; 
for  altbough  inoculation  of  tho  Tonom  is  apparently  sometimes  prac^ 
tiscd  by  thom,  and  protection  is  no  doubt  assisted  and  maintained  by 
tho  bites,  which  with  impunity  thoy  frequently  receive,  thoy  are 
known  also  to  swallow  tho  venom  or  the  dried  poison-glands  con- 
taining it. 

Those  experiments  also  seem  to  throw  a  now  light  npon  the  clearly 
cstnblished  })rotcction  possessml  by  venomous  serpents  against  their 
own  vouom.  They  Buggosted  tho  importance  of  determining  if  tho 
blood-geruni  of  venomous  serpents  contains,  as  doe^  that  of  artificially 
protflctud  animals,  an  actual  substance  possessing  antivonomous  pro- 
perties. 

In  order  to  arrivo  at  some  definite  conclusions  on  this  subjoct,  I 
iMt  yoar  obtained  from  India  several  living  specimens  of  tho  Hama- 
dryad {Ophuiphaytig  rlapt),  a  serpent  of  greater  size  and  more  aggres- 
■ivo  ilisposition  than  the  cobra,  and  reputed  to  bo  as  deadly  as  it. 
Pr<ira  tho  blood  of  several  of  these  8er|>onts  a  serum  wiw  separated, 
which  when  dried  gave  a  proiluct  having  the  same  physical  characters 
U  tho  antivoneno  from  artiiicially  protected  animals.  It  was  tested 
ngninst  cobra  venom,  both  when  mixed  with  rather  more  than  a 
minimum-lethal  dose,  and  also  when  injected  thirty  minntes  after  this 
letlial  doso  of  cobra  venom.  In  tho  former  case,  •  25  c.c.  per  kilo- 
gramme of  this  natural  antivenene  preventi^d  death ;  and,  indeed,  so 
{torfiH^tly  antagonised  this  certainly  lethal  dose  that  no  docided 
symptoms  of  poisoning  were  manifostod.  In  the  latter  case.  5  cc.  per 
kilognunmo  was  found  to  be  a  snflicicnt  quantity  to  prevent  death.  I 
hojM  by-ond-by  to  extend  these  observations  by  testing  the  antidotal 
power  of  tliis  somm  against  the  venom  of  the  actual  Hamadryads  from 
whoM  blood  it  had  boon  separated. 

A  dott<nnination  of  this  kind  has,  however,  been  made  with  the 
blood-serum  and  venom  of  the  Anstrali&n  black  snake  (^PaetuUckit 
jtorpk!fri<utu}t  *  deadly  serpent  whose  bite  prodooes  intense  destroy 
tive  oh*ngss,  nol  only  at  tho  place  where  it  has  been  inflicted,  bat 
aIk)  in  the  blood  and  iu  many  of  the  organs  of  the  body.  When  liia 
blood-eemm  and  tho  venom  of  this  serpent  wero  mixed  together 
ontside  of  the  body,  and  then  injected  under  the  skin  of  a  rabbit,  it 
xru  found  that  half  a  cubic  centimetre  per  kilogramme  of  the  blood- 
•emm  was  sufficient  to  prevent  death  from  rather  more  than  the 
nunimnm-lcthal  doso  of  venom. 

Notwithstanding  the  obliging  oo-openition  of  the  India  Office,  I 
ImvB  nut  y«tl  eueeveded  in  obtaining  the  blood-senun  of  the  cobrti,  bat 
it  may  aaMy  be  antioipoled  that  it  also  will  bo  foand  to 
uitiv«mMaMH  propertjcci 
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It  has  thus  be«a  shown  that  venomoas  serpents  themselves  poooooo 
•  definite  sabstanoe  in  the  blood-semm  which  is  capable  of  protect- 
ing them  against  their  own  Tcnom,  and  the  venom  of  other  serpents. 
The  results  of  the  experiments  made  bj  stomach  administration  of 
▼enom,  supply  at  the  same  time  an  explanation  of  one,  at  least,  of  the 
methods  by  which  this  substance  is  introduced  into  the  blood.  This 
nataral  antivenene,  howcTcr,  is  apparently  not  so  powerfully  anti- 
dotal as  the  antivenene  obtained  by  the  prooeas  of  artificial 
protection. 

The  ftrregoing  statements,  although  referring  mainly  to  observa- 
tioiia  on  the  lower  animals,  have,  probably  in  every  particular,  a  very 
direct  bearing  upon  both  the  prophylaxis  and  treatment  of  snak^ 
poiaoning  in  man. 

Soiue  little  consideration  of  the  details  of  the  application  of  the 
antivenene  and  the  employment  of  auxiliary  measures  may.  however, 
be  Bervict.-able ;  and,  equally  of  practical  service,  some  cousideration 
of  the  probable  limitations  to  the  capacity  of  antivenene  as  an 
antidote. 

In  the  BMftDtime,  I  cannot  adduce  any  actual  experience  of  its  use 
in  baman  beings,  as  although  a  considerable  quantity,  both  in  the 
liquid  and  dry  state,  was  last  summer  sent  to  India,  and  a  smaller 
quantity  to  Africa,  no  opportunity  for  using  it  as  an  aatidoto  Las  aa 
yet  occurred  in  the  districts  to  which  it  had  been  sent. 

But,  first,  let  me  Bay  in  regard  to  the  altogether  unaatislactory 
•^erieooe  of  the  use  of  medicines,  ordinarily  so-called,  that  I  am  not 
pMnved  to  take  the  extreme  position  that  no  good  can  be  done  by 
tbeir  omployment.  \\  bile  the  evidence  shows  that  no  one  of  the  verj 
large  number  of  those  that  have  been  recommended  as  antidotes  is 
able,  in  any  conditions  of  administration,  to  prevent  death  after  the 
rtocption  of  even  the  sroalletit  lethal  dose  of  venom,  it  still  may  be 
that,  by  the  physiological  effects  which  they  produce,  they  may  amflt 
any  efficient  antidote,  such  as  antivenene,  in  preventing  death;  and 
tlio,  by  prolonging  life,  increase  the  opportunity  for  a  more  thoron^ 
aae  uf   this  antidote.      In  this  category  I   would  especially  place 

ietoM  which  increase  excretion,  such  as  diaphoretics  and  diuretics ; 

ly  of  the  rapidly  acting  stimulants  of  the  circulation,  such  aa 
•Iflohol  and  the  old  anake-remedy,  ammonia ;  and  stimulanta  of 
nniixation,  such  as  atropine  and  strychnine,  the  latter  of  which  is 
•OUMastically  championed  by  Dr.  A.  Mndlor,  of  Sydney.  And 
not  onlj  medicines,  but  also  any  meacores  that  are  available  for 
Uww  porpoaea,  including  artificial  respiration,  so  distinctly  indicated 
a«  a  probably  valuable  therapeutical  application  in  snake-bite  by 
Fayrur  and  Brunton,  which,  though  shown  by  the  Indian  Snake  Com- 
miwoQ  to  be  incapable  of  preventing  death  when  alone  trusted  to, 
was  also  shown  to  posseas  the  valuable  auxiliary  power  uf  ]>rolonging 
lib. 

TIm  fint  neaanre,  however,  that  ia  osnally  and  properly  taken  in 
the  treatoMsit  of  raako-hite,  is  to  restrict,  as  far  aa  is  possible,  the 
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absorption  of  the  Tonom  into  the  blood-Tessels,  from  the  place  into 
which  it  has  been  injVcted  by  the  pdison-fanga,  by  separating  this 
place  from  the  more  central  pirts  of  the  body  by  a  tight  ligature. 
The  efBcioncy  of  this  menaure,  preventive  ratlier  than  curatiTO,  is 
fortunately  aided  by  the  circumstance  that  snake-bites  are  most 
usually  inflicted  at  parts  to  which  a  ligature  can  conveniently  l>o 
applied  ;  for  in  fifty- four  cases  collected  by  Wall,  the  part  in  nearly 
89  per  cent  of  the  oases  was  on  the  arms  or  legs.  The  ligature 
having  been  applied,  whenever  it  is  possible  to  do  so,  the  next 
measure  to  adopt  is  to  oyieji  up  with  a  knife,  to  a  considerable  depth, 
the  minnto  though  deep  punctures  made  by  the  fangs,  and  then  to 
apply  suction  to  the  wound.  Justification  is  found  for  this  proeednre 
in  the  fact,  demonstrated  by  experiment,  that  notwithstanding  the 
rapidity  with  which  venom  may  be  absorbed,  a  portion  of  it  still 
remains  for  a  considerable  time  in  the  tissues  immediately  sur- 
rounding the  wound.  This  has  been  clearly  demonBtrated  by  both 
Kanfmann  and  Wall,  The  suction  may  bo  produced  by  the  mouth, 
and  in  the  absence  of  more  effective  apparatus  this  ready  method 
would  be  serviceable,  while  it  is  attended  with  danger  to  the 
operator  only  in  the  infrequent  occurrence  of  fissures  or  abrasions 
of  the  mouth.  It  is,  however,  more  effectively  and  without  any 
risk  accomplished  by  a  suction  pump,  such  as  the  most  useful 
pump  invented  by  Mr.  Andrew  Smith,  of  Cape  Colony,  which  I  now 
show. 

These  steps  having  been  taken,  antiveneno  should  be  injected 
into  the  tissuoa  at  and  near  the  wound  and,  also,  under  the  skin 
above  the  ligature ;  and  the  lignture  should  not  be  removed  nutil  at 
least  half  an  hour  after  a  sufficient  quantity  of  antivencnc  has  been 
injected  under  the  skin  above  it. 

But  the  important  quostion  has  yet  to  be  answered.  What  is  a 
sufficient  quantity  ?  The  whole  tenor  of  my  remarks  to-night  has 
been  to  show  how  necessary  it  is  to  bear  in  mind  that  there  is  a 
definite  relationship  betnreen  the  dose  of  venom  received  and  the 
dose  of  antiveneno  required  to  antagonise  it,  and  that  this  relation- 
ship also  varies  with  the  conditious  of  the  administration  of  the 
antiveneno,  and,  especially,  with  the  interval  of  time  that  elapses 
between  the  reception  of  the  venom  and  the  administration  of  the 
antivonene. 

In  snakc-bito  in  man  it  is  impossible  to  estimate  the  dose  of 
venom  which  has  been  injected,  for  the  nature  of  the  symptoms  in 
the  patient  cannot  give  the  information  even  approximately.  In 
Bt>archiiig  for  a  solution  of  this  problem,  several  facts  may  be  taken 
into  cousideration  from  which  aKsistauce  may  be  obtained.  And, 
firstly,  what  is  tho  probable  quantity  of  venom  that  a  serpent  injects 
into  a  wound  ?  Some  data  for  answering  this  question  have,  very 
kindly,  been  ol>taiucd  for  mo  by  lirij^nde-Surgeon  Lieut.-Colonel 
Cunningham,  of  Calcutta.  Taking  nine  adult  cobras,  healthy  and 
vigorous,  he  collected  from  each  tho  venom  ejected  at  a  single  bite. 
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dried   and    weighed  each    collectioQ  separately,   and   ecnt  mo   the 
weights.     They  are  as  follows  : — 


(1)  0-726  gramma 

(2)  0-2i;2 

(3)  0-115        „ 


(4)  O'lll  gramme. 

(0)  (I-132 

(6;  0113        „ 


(7)  0-239  gramme. 

(8)  0-306        „ 

(9)  0-253        „ 


I 

I 


The  total  Tenoms  jield  an  ayerage  of  0*255  gramme  for  each  bite  ; 
hnt,  if  the  cxoeptioDally  large  quantity  stated  in  the  first  figure  bo 
excluded,  th«  average  for  the  rcmaiuing  eight  becomes  '195  gramme. 
It  iimst  also  be  considcral  that  these  quantities  were  obtained  in  the 
int«l  favourable  conditions  for  sttcuring  the  total  quantity  ejected  at 
single  bite,  whereas  in  actual  practice  the  conditions  are  less 
bio  for  the  insertion  of  the  total  available  venom  into  the 
of  the  victim. 
Reverting  now  to  determinations  of  the  minimum-lethal  doso  for 
the  lower  animals,  we  find  that  if  the  minimum-lethal  doso  fur  the 
cat  bo  adopted  as  being  the  same  as  that  for  man,  the  total  qoantity 
of  dry  cobra-venom  required  to  kill  a  man  of  ten  stones  weight 
wonld  be  '317  grammo,  whtoh  is  couBiderably  more  than  the 
quantity,  jndging  from  the  above  averages,  that  a  cobra  is  usually 
iU)le  to  eject  during  a  single  bite.  It  would  therefore  apj^car 
neoesaary  to  asanuio  that  tlie  minimam-lotUal  dose  per  kilogramme 
for  man  is  smaller  than  fur  a  cat;  but,  as  it  is  probably  greater 
than  for  a  rabbit,  we  may  for  convenience  assume  that  it  is  tnice 
that  dose.  In  tliis  case,  the  smallest  quantity  required  to  produce 
ilcath  in  a  man  of  ten  stones  would  be  about  '0317  gramme,  which, 
however,  seems  to  be  considerably  less  than  the  quantity  which  a 
fresh  oobra  ha.s  at  its  disposal.  Applying  now  the  facts  that  have 
been  stated  in  the  scries  of  experiments  where  the  smalloHt  quantity 
of  autivcnenn  re<iuired  to  prevent  death  when  injected  thirty  minutes 
after  tvricc  the  minimum-lethal  dose  was  dclormincd,  it  will  be 
recollected  tliat  thut  quantity  is  5  c.c.  per  kilogramme  of  animal. 
Taking  this  as  a  basis  for  the  dose  of  antivencnc,  in  order  to  prevent 
dMib  in  man  from  the  estimutotl  minimum-lethal  doso  of  cubra- 
VflBom,  BO  oonBidcrable  a  quantity  as  330  c.c,  or  about  11.^  ounces, 
of  antivtjnt.no  would  ]ye  required,  if  the  antiveneno  ho  injected  not 
much  longer  than  thirty  minutes  after  the  bite  hod  been  indicted. 
This,  tliough  a  largo,  is  by  no  moans  an  impossible  dose,  and  it  could, 
without  much  inconvenience,  be  introduced  under  the  skin  at  several 
of  the  body. 
On  the  other  hand,  the  estimate  which  I  have  a^lopted  of  the 
minimum-lethal  dose  for  man  may  be  too  high  a  one,  and  if  it  shuuld 
prove  to  be  nearer  that  for  the  rabbit,  then  the  quantity  of  antivcnono 
required  to  prevent  death,  if  administered  half  an  hour  after  the 
•nako-bite,  wonld  be  roducoil  to  about  four  ounces.  It  is  also  to  bo 
ncollortod  ttiat  if  dry  antiveneno  be  used,  it  may  be  dissolved  in  a 
much  smaller  quantity  of  liquid  than  is  roqnirod  to  restore  it  to  its 
original  balk. 
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Ab  to  tbe  probabilitj,  in  a  fatal  snake-bite,  of  the  qnantity  of 
Tenom  receiyed  by  the  victim  being  only  aLout,  and  not  much  in 
excess  of,  the  minimnm-lethal  dose,  it  would  appear  that,  in  many 
cases,  even  so  large  a  dose  is  not  introduced ;  for  general  experience 
indicates  that  the  majority  of  persona  who  are  bitten  actually  recover, 
whatever  treatment  is  adopted.  Sir  Joseph  Fayrer  also  shows,  in 
his  classical  '  Thanatophidia,'  that  in  64  per  cent,  of  fatal  cases  of 
snake-bite  in  India,  the  victims  survived  the  infliction  of  the  bite  for 
periods  of  from  three  to  twenty-four  hours ;  and  this  duration  of  life 
implies  that  the  dose  of  venom  received  could  not  have  been  much 
greater  than  the  minimum-lethal. 

It  must  bo  admitted,  however,  that  even  for  the  minimom-lethal 
dose  of  venom,  the  quantity  of  antivenene  required  to  prevent  death 
in  man  is  probably  inconveniently  large,  especially  if,  in  the  treat- 
ment, reliance  is  placed  solely  upon  the  administration  of  antivenene, 
to  the  exclusion  of  all  or  several  of  the  auxiliary  measures  to  which 
I  have  referred.  It  is  desirable,  also,  that  the  antivenene  treatment 
should  be  a  practical  one,  not  only  for  doses  of  venom  which  do  not 
much  exceed  the  minimum-lethal,  but  also  for  the  considerably 
larger  doses  that  are  occasionally  introduced  in  snake-bite. 

To  attain  this  object,  further  work  is  required  in  onlor  that 
there  may  bo  obtained  an  anlivonene  even  more  powerful  than  that 
whose  antidotal  capabilities  I  have  described. 

I  am  not  sanguine  that  this  will  bo  accomplished  by  carrying  to 
a  higlier  degree  the  process  of  artificial  protection  in  animals.  A 
comparison  of  the  antivenene  of  rabbits  wlvich  bad  last  received 
thirty  times  tho  minimum-lothal  doso  of  cobra  venom  with  that  of 
other  rabbits  which  had  last  received  fifty  times  that  dose,  has  Bhown 
that  the  latter  has.  but  little  antidotal  advantage  over  the  former,  and 
has  suggested  that,  in  the  process  of  artificial  prntoction,  the  satura- 
tion point  of  tlie  blood  for  antivenene  is  reached  before  the  possible 
maximum  non-fatal  doso  of  venom  has  been  adroiuiBtorod. 

I  would  auttcipato  with  more  Lope  the  results  of  endeavours  to 
separate  the  true  antivonomoua  principles  from  the  inert  constituents 
of  the  blood-sernm  with  which  they  are  mixed ;  and  altliongh  the 
required  chemical  manipulations  are  attended  with  many  dilBculties, 
some  Buocess  has  already  been  obtained  in  effecting  this  separation. 

In  the  foregoing  remarks,  it  has,  however,  been  shown  that  even 
with  the  antivenene  whose  properties  have  been  described,  human 
life  may  bo  saved  in  a  consideraMo,  if  not  in  a  largo,  projwrtion  of 
the  cases  of  snake-bite  which  would  olherwise  torminato  in  death. 
Tho  attainment  of  this  result  is  a  satisfactory  ono ;  for  tho  mortality 
from  snako-hito  is  largo,  and  is  not  restricted  to  the  20,000  deaths 
which  annually  occur  in  India,  but  includes  additional  thousands  in 
all  the  tropical  and  sub-tropical  regions  of  the  world, 

[T.  R.  F.] 


1896,] 


New  BeMurches  on  Liquid  Air. 


133 


I 


WEEKLY  EVENING  MEETING, 
Friday,  March  27, 189G. 

Edwabd  Fbaiiillaot),  Eeq.  D.C.L.  LL.D,  F^S.  Vico-President, 
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PBonuBOB  Dkwab,  M.A.  LL.D.  F.E.3.  M.BJ. 

New  Be$earehea  on  Liquid  Air. 

Or  all  the  forma  of  engineering  plant  used  in  low  teDiperatnre 
research,  the  best  and  most  economical  for  the  production  of  liquid 
air  or  oiygen  is  one  based  on  the  general  plan  of  the  apjHu-alus  used 
by  Pictet  in  his  celebrated  experiruentA  on  tho  liqnefactiou  of  oxygen 
in  Uie  year  1878.  Instead  of  using  Pictet's  coiubined  circuite  of 
liquid  8nlphur  dioxide  and  carbon  dioxide,  maintained  in  continnoua 
circulation  by  means  of  compression,  liquefaction  and  subsequent 
eraporatioD,  it  is  preferable  to  select  ethylene  (after  Caillctet  and 
Wroblewski)  for  one  circuit,  and  for  the  other  either  nitrous  oxide 
or,  better,  carbon  dioxide.  Further,  instead  of  making  highly  com- 
preaaed  oxygen  to  be  liquefied  by  heating  potassium  chlorate  in  an 
iron  bomb  directly  connected  with  the  refrigerator,  it  is  safer  and 
more  oonrenient  to  use  gas  previously  compressed  in  steel  cylinders. 
The  stopcock  that  Pictet  employed  to  draw  off  liquid  and  produce 
■ndden  expansion,  was  in  his  ajiparatus  placed  outside  the  refriger- 
ator proper,  bnt  it  is  now  placed  inside,  so  as  to  be  kept  cool  by  the 
guofl  undergoing  expansion.  This  improvement  was  introduced  along 
with  that  of  isolating  the  liquid  gases  by  surrounding  them  with  their 
own  cooled  vapour  in  the  ap^iaratus  made  wholly  of  copper,  described 
■ad  figured  in  the  Prco.  Koy.  Inst,  for  1886.  In  all  continuously 
working  circuits  of  liquid  gases  used  in  refrigerating  apparatus,  the 
regenerative  prinoi])le  applied  to  cold,  first  introduced  by  Siemens  in 
1857,  and  Habeequeutly  employed  in  the  freezing  machines  of  Kirk, 
Colf4nao,  Solvay,  Lindo  and  others,  has  been  a<topted.  Quito  inde- 
pendently. Professor  Kamerlingh  Onnes,  of  Leiden,  has  used  the  re- 
gcmorativo  principle  in  the  construction  of  the  coolinc  circuits  in  his 
[cryogenic  laboratory,*  Apart,  therefore,  from  important  mochauical 
details,  and  the  conduct  of  tho  general  working,  nothing  new  has 
been  added  by  any  investigator  to  tho  principles  involved  in  the  con- 
itructioD  and  use  of  low  temperature  apparatus  since  the  year  1878. 

*  p#»  paper  by  Dr,  H.  Kamcrliog'h  Onnea,  on  tho  "Cryogenio  Laboratory 
■I   I,<^itii  II,  Odd    ou   ILu  ProduclioD  uf   very  low  Tcmpcratuicis"    Ambteiduiu 
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Detailed  drawings  of  the  Eoyal  Institution  refrigerating  plimt  now 
in  U8C  have  not  been  puldislied,  siinply  because  changes  are  coDstantly 
being  made  in  the  apparatus.  Science  derives  no  beuefit  from  the 
description  of  transitional  apparatus  when  there  is  no  secret  about 
the  working  process  and  how  to  cany  it  into  offoct.  The  Phil.  Mag. 
of  February,  1895,  coDtains  a  fantastic  claim  put  forward  by  Professor 
Olszewski,  of  Cracow,  that  because  he  used  in  1890  a  steel  tube  com- 
bined with  a  stopcock  to  draw  off  liquid  oxygen,  be  had  taught  the 
world,  to  uso  his  own  language,  '*  the  method  of  getting  large 
quantities  of  liquid  gases."  In  addition  the  Professor  alleges,  four 
years  after  the  event,  that  the  experiments  made  at  the  Royitl  Insti- 
tution are  chie6y  borrowed  from  Cracow,  and  that  he  is  outitled  to 
the  credit  of  all  low  temperature  research.  As  to  snob  claims,  one 
can  only  wonder  at  the  meagre  additions  to  knowle«lgo  that  in  our 
time  are  unhesitatingly  brought  forward  as  original,  and  more 
especially  that  scientific  men  could  he  got  to  give  them  any  currency 
in  this  country.  Such  pereniia  should  read  the  lata  Profepsnr  Wr<>- 
blewski's  paraijhlet,  entitled  'Comment  I'air  a  ^te  liqnelie,'*  and 
make  themselves  generally  acquainted  with  the  work  of  this  most 
remarkable  man  before  coming  to  hasty  couclusiuus  on  claims  of 
priority  brought^ forward  by  his  some  time  colleague. 

Liquefying  Apparatus. — A  laboratory  apparatus  for  the  pn id uc^ion 
of  liquid  oxygen  and  other  gases  is  represented  in  section  (Fig.  1). 
With  this  simple  machine,  100  c.o.  of  liquid  oxygon  can  readily  be 
obtained,  the  coiding  agent  being  carbon  dioxide,  at  the  temperature 
of  — 7'J^.  If  liquid  nir  has  to  be  made  by  this  apparatus,  then  the 
carbon-c  acid  must  be  kept  under  exhaustion  of  about  1  inch  of  mer- 
cury pressure,  so  as  to  begin  with  a  temjierature  of—  115^.  Under 
such  conditions  the  jrield  n{  the  liquid  gases  is  much  greater.  The 
gaseous  oxygen,  coole<l  before  expansion  by  passing  through  a  spiral 
of  copper  tube  immersed  in  solid  carbon  dioxide,  posses  through  a 
fine  screw  stopcock  under  a  pressure  of  100  atmos.,  and  thence  back- 
wards over  the  coils  of  pipe.  The  liquid  oxygen  begins  to  drop  in 
abiiirt  a  quarter  of  an  hour  from  starting.  The  general  arrangement 
of  tho  circuits  will  be  easily  understood  from  the  se  tional  drawing. 
The  pressure  in  the  oxygen  cylinders  at  starting  is  generally  about 
ITiO  atmos.,  and  the  best  results  are  got  by  working  dofvn  to  about 
loo.  If  a  smull  compressor  is  combined  with  the  apparatus  tho 
liquefaction  can  go  on  continuously.  This  little  apparatus  will  enable 
liiiuid  oxygon  or  air  to  ht<  used  for  demonstration  and  research  in  all 
lalxiratories. 

Vactmm  VcweU. — It  has  boon  shown  in  previous  papers  t  that  a 
good  exhaustion  reduces  tho  influx  of  heat  to  one-fifth  part  of  what  is 
conveyed  when  the  annular  space  in  such  double-walled  vacuum 
vessels  is  filled  with  air.     If  tho  interior  walls  are  silvered,  or  excoss 


•  Pnris,  Librnire  du  Luxembour;;,  1R85. 

t  "Oil  Linuid  AtmospJierio  Air,"  Proc.  Roy.  Inst.  1893;  ♦' Scientific  Uses  of 
Liquid  Air,"  ibid.  1S9-J. 
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of  marcnry  is  left  in  the  vesfiol,  tbe  influx  of  heat  is  diminished  to 
otw-aixtb  part  of  the  amount  entering  without  tbe  metallic  coating. 
The  IoIaI  effect  of  the  high  vacuum  and  uilveriug  is  to  reduce  the] 
iafefiag  heat  to  one-thirtieth  part,  or,  roughly,  3A  per  cent..  Vessels 
Moatmoted  with  three  dry  air  spaces  only  reduccnl  the  influx  of  heat 
to  85  per  cent.  An  ordinary  mercury  vacuum  vessel  is  therefore  ten 
times  more  economical  for  storing  li<|uid  air,  apart  from  conaidemtionB 
of  manipuUtioD,  than  a  tri2>1e  annular  spaced  air  vessel.  It  has  been 
■DggMtod  that  the  metallic  coating  of  mercury  does  no  good,  hocause 
Pietei  bos  found  that  all  kinds  of  matter  become  transparent  to  heat 
at  low  temperatures.  The  results  above  mentioned  dispose  of  this 
MEOinpttoD,  and  direct  cxj>erimcnt  proves  that  no  iucreaso  in  the 
tnii»parency  of  glass  to  thermal  radiation  is  effected  by  cooling  it  to 
the  boiling  point  of  air.* 

An  (jcalar  demonstration  of  the  correctness  of  the  above  state- 
Bents  can  easily  be  shown  by  mounting  on  the  same  stem  three 
■milar  double-walled  tost  tubes,  two  of  which  have  been  simul- 
Ikiieoualj  exhausted  and  sealed  oiT  from  tbe  air  pump  together,  wIjIIo 
the  third  is  left  full  of  air.  One  of  the  vacuum  test  tubes  ia  coiUi;d 
with  Bilver  in  tbe  interior.  Tbe  apparatus  is  sliown  in  Fig.  2.  A  has 
tbe  aonolar  space  filled  with  air;  B  and  C.  are  exhausted,  C  being 
ooAtad  with  silver.  On  filling  liquid  ethylene  to  the  same  height  iuru 
«aeb  TO— el,  and  insortiug  corks  with  similar  gas  jets  and  igniting  the 
«n»piDg  gu,  the  relative  volumes  of  the  flames  is  roughly  propur 
tiontltotbeinfloxof  beat,  and  resembles  what  is  shown  in  the  drawing. 
It  i«  aatUfactory  to  have  independent  corroboration  of  tlie  advantages 
of  tbe  use  of  Tacnum  vessels,  and  this  may  bo  found  in  a  pajfur  by 
Prafiijr  Ramerlingh  Onnes,  of  Leiden,  communicated  to  the  Am- 
•tflrd«m  Academy  of  Sciences,  1896,  entitled  '  Kemarks  on  the  Liijue- 
tictioj]  of  Hydrogen,  on  Thermodytmmical  Similarity,  and  in  thu  Use 
of  Tacaam  Vessels,' io  which  he  says: — "In  the  same  degree  as  it 
beiyaaie  of  more  importance  to  effectuate  adiabiitic  processes  at  very 
low  temperatures,  the  importance  of  the  vacuum  vessuls  of  Dowar  will 
laoeMei.  It  seems  to  mo  that  they  are  the  most  imjiurtitnt  addition 
mtee  1883  to  the  appliances  fur  low  temperature  research,"  ..."  It 
is  »  rejoicing  pros^n-ct  that  practical  engineers  will  d^iubtkss  feel  the 
of  eocb  noD-oonducting  mantles.     For  as  soon  as  this  stage  is 
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•  At  •  mooting  of  the  French  Acadi'my  in  18'.>5  a  papir  by  M.  Solvay  of 
Km*- l«  w>«  Tratl,  ir4  which  my  1802  iltivice  of  vacuum  veHucU  waa  attributed  to 
M.  *  <>«1  tuoitly  «<-6C|ited  by  him  !    lu  187.^  1  huii  alreaily  uae<l  a  highly 

«S),  'M*l,  of  aiiuila/  ahu|><j  t<i  the  vnvDuus  tiat  tuhi>,  in  calorimctric  ex- 

vmnfiii-  -  '  |'"|"r  on  "Tlio  PhyHicoI  Conntantg  of  Ilyilrogatiium,"  Tnirts. 
ibn.  Bor,  I-  I  ^■  .  xivii.  Kvcn  ns  late  ns  Ajiril  1S!)0.  I'rofi'Hsor  Tihleri,  I'.Sc, 
WMM.  of  llu  K '}  111  ColUgr  of  Science,  in  b  j)n|icr  eutitli.tl  "  I/Aj)]»»rBil  ilu 
Pr,  HaMMOO  pour  la  LiijuiTitotioa  du  fair  et  iIch  koh,"  comiuimji'nleil  to  the 
'  Brmr'  ff/m'sn'r  ilv  fii'ij-iiccr,'  tliou^lit  proper  to  writi-  ««  foUown;  "  Uii  innnolion 
it  X  II I  (in  a  fait  le  vide  (tniiiiclinn  Hcnililnlde  h  nn\  lUrrit-t  |i>ir 

Ck.  ■"     Wliort' did  Pnif«.'8«ir  Tihli-n  find  CaillHtefa  duBrrifitinn 

if  m  tmmutn  tK^xif     This  u  UDt  the  only  BtittciuciiC  in  tlii.'  pnixr  rLtjiiiring 
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reached,  numbers  of  bends  and  hands  are  disposed  to  take  orer  tbo 
problem  from  tbe  scientific  researcher." 

Solid  Air. — As  Professor  Olszewski  has  recently  alleged  that 
air  does  not  solidify  at  the  lowest  pressures,*  the  author's  former 
experiments  were  repeated  on  a  larger  scale.  If  a  litre  of  lif^nid 
air  is  placed  in  a  globular  silvered  vacuum  vossol  and  subjected  to 
exhaustion,  as  much  as  half  a  litre  of  solid  air  can  be  obtained 
and  maintained  iu  this  condition  for  half  an  hour.  At  first  the 
solid  is  a  stiff,  transparent  jolly,  which,  when  examined  in  the 
magnetic  field,  has  the  liquid  oxygen  drawn  out  of  it  to  tlie  poles. 
This  proves  that  solid  air  is  a  nitrogen-jelly  containing  liquid 
oxygen.  This  statoment  was  made  in  a  paper  "  On  the  Kefractioa 
and  Dispersion  of  Liquid  Oxygen,  and  the  Absorption  Sj>ectrum  of 
Liquid  Air"  (Professors  Liveiug  and  Dewar),  published  in  the 
Phil,  Mag.  for  September  1896,  yet  Professor  Olszewski,  in  1896t 
is  declaring  "  that  Profetiaor  Dowar  has  stated  that  liquid  air 
solidifies  as  such,  the  solid  product  containing  a  slightly  smaller 
percentage  of  nitrogen  than  is  prcscut  in  the  atmosphere.  My 
experiments  have  proved  this  statement  to  be  incorrect."  The  Cracow 
professor  may  well  have  the  satisfaction  of  correcting  a  statement 
which  was  never  made  by  me.  He  seems  also  to  forget  that  in 
lfi93,  Proc.  Roy.  Inst.  Lecture  on  Liquid  Air,  it  is  distinctly  stated 
that  "  all  attempts  to  solidify  oxygon  by  its  own  evaporation  have 
fiiilud."  Solid  air  can  only  be  examined  in  a  vacuum  or  in  an 
atmotsphero  of  hydrogen,  becaase  it  instantly  melts  on  exposure  to 
air  ctiulcd  to  the  temperature  of  its  boiling  point,  giving  rise  to 
the  liquefaction  of  an  additional  quantity  of  air.  It  is  8trange  to  see 
a  mass  of  solid  air  melting  in  contact  with  the  atmosphere,  and 
all  the  time  welling  up  like  a  kind  of  fountain.  The  apparatus 
ehowu  in  Pig,  3  is  well  adapted  for  showing  the  direct  liqxiefuction 
of  the  air  of  a  room  and  its  solidification.  A  largo  vacuum  vessel  G, 
is  monuted  on  a  brass  stand  coutaining  another  smaller  vessel  B  of 
the  same  kind.  By  means  of  the  two  cocks  C  and  D,  either  the  largo 
vessel  G  or  the  bulb  B  can  bo  connected  to  the  air  pump  circuit. 
Liquid  oxygen  is  placed  in  A,  which  can,  by  opening  the  stopcock  D, 
bo  cooled  to  —210°  by  exhaustion.  If  tbe  stopcock  0  is  shut  and  a 
barometric  gago  is  joined  on  at  F,  the  dropping  of  the  liquid  air  from 
the  outside  of  A  will  go  on  even  at  as  low  a  pressure  as  4  iu.  of  mer- 
cury ;  which  is  equivalent  to  saying  that  this  apparatus  would 
liquefy  air  if  taken  by  a  balloon  ten  miles  high.  If  F  is  now  opened, 
giving  a  supply  of  air  at  atmospheric  pressure,  the  cup  B  soon  fills 
with  liquid  air.  Unless  the  air  supply  is  passed  over  soda  lime  and 
strong  sulphuric,  the  liquid  is  always  turbid  from  the  presence  of 
ice  crystals  and  solid  carbonic  acid.  Now  on  shutting  F  and 
opening  C,  the  air  in  B  is  placed  under  exhaustion  and  soon  solidifies 
to  a  jelly-like  mass.  When  the  vacuum  is  about  14  mm.  then  the 
temperature  of  the  solid  air  is  —  232°  by  the  platinum  resistauce 
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thermometer,  or  —  216°  C.  Od  allowing  the  air  to  enter,  the  solid 
ixutanllj  melts  and  more  liquid  air  is  formed.  The  same  experi- 
ment may  be  repeated  many  times  by  simply  opening  and  Bhutting 
the  Btopeocks.  When  the  liquid  air  loses  too  much  nitrogen,  then  it 
DO  longer  solidifies.  This  apparatus  may  be  used  to  show  that  wheu 
liquid  air  is  running  freely  into  B,  liquefaction  is  instantly  arrested 
by  allowing  hydrogen  to  enter  instead  of  air. 

Sample*  of  Air  Liquefied  in  Sealed  Flasks. — In  a  paper  "  On  the 
raUtiTe  behariour  of  chemically  prepared  and  of  atmospheric  nitro- 
gen,' cnmmanicated  to  the  Chemical  Society  in  December  1894,  the 
plan  of  nuinipulating  such  samples  was  described.  The  arrangoiueut 
dtown  in  Fig.  4  illustrates  how  oxygon  in  A  under  0*21  of  an  atmos. 
praamre,  and  nitrogen  in  B  under  0-79  of  au  atmos.,  can  bo  compared 
■■  to  the  first  appearance  of  liquefaction  in  each,  and  finally  as  to  their 
re«pfctive  tensions  when  the  temperature  is  as  low  as  thut  of  sulid 
nititigcoi.  The  fla»ks  A  and  B  have  a  capacity  of  more  than  a  litre. 
Eftch  Las  a  manometer  sealed  on,  and  in  each  phosphoric  anhydride 
\m  inserted  to  secure  dryness.  A  largo  vacuum  vessel  C  holds  the 
liquid  air,  which  is  gradually  lowered  in  temperature  by  boiling 
■ttler  exhaustion.  The  moment  liquefaction  takes  place,  the  tubes 
jy,  jy  begin  to  show  liquid.  These  tubes  must  be  drawu  fine  at  the 
cod  wheu  accurate  obeervations  are  beiug  mode.  In  the  same  manner 
two  oxygen  flasks  were  compared.  One  filled  with  gas  made  from 
faaed  chlorate  of  potash,  contained  in  a  side  tube  sealed  ou  to  the 
flask.  The  other  was  treated  in  the  same  way,  only  the  chlorate  had 
a  little  peroxide  of  mangaoese  added.  The  former  gave  jiorfectly 
clear  blue  liquid  oxygen,  the  latter  was  turbid  from  solid  chlorine. 
Two  flaaks  of  dry  air  that  liad  8too<l  over  pliosphoric  snhydrido  were 
Hqflgft^  side  by  side,  the  only  dificrenco  between  the  Bauiples  being 
iMt  one  WM  free  bom  carbonic  acid.  The  one  gave  a  liquid  that 
wM  perfectly  clear,  the  other  was  turbid  from  the  0-04  pec-  cant,  of 
oaifjon  dioxide. 

Tbe  temperature  was  lowered  by  exhaustion  until  samples  of 
liaaid  tar  bma  two  flasks  placed  side  by  side  as  in  Fig.  4  becamo 
■aiid.  The  flasks  were  then  sealed  off  for  the  purpose  of  exumiuing 
lb*  OOBtpocitioa  of  the  air  that  had  not  been  condensed.  The  ouo 
MBplo  oontoined  oxygen,  21 '19  per  cent.,  and  the  other  20*7  per 
This  is  an  additional  proof  to  tho  one  previously  given  that, 
itially,  tho  oxygen  and  nitrogen  in  air  liquefy  simultaneously, 
vuler  gradually  diminishing  pressure,  and  that  in  these  cx- 
nrimeuU  all  tlie  known  constituents  of  air  are  condensed  together. 
ncM  reaolts  finally  disprove  the  view  expressed  in  *  A  System  of 
laoripuiie  Chemistry,'  *  by  Professor  Ramsay,  where  he  says :  "  Air 
he*  beeo  Uqoefied  by  cooling  to  — 192',  but  as  oxygon  and  nitrogen 
kava  not  Ihie  same  boiling  points,  the  less  volatile  oxygon  doubtless 
liqwaflea  fint."  My  old  oxperimcntBt  sbowwl  that  the  substanoo 
known  an  «rgoa  became   solid  before    nitrogen,  but  chemical 
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nitrogen  and  gir  nitrogen,  with  its  0*1  per  cent,  of  argon,  hehaved  in 
enbstantially  the  samo  way  on  liquefaction. 

Liquid  Nitric  Oxide. — Great  interest  attaches  to  the  bohavioor  of 
nitric  oxide  at  low  temperatures.  Professor  Olszewski  has  examined 
the  li'inid  and  describes  it  as  coIourles8.  Samples  of  nitric  oxide 
lave  been  prepared  in  different  ways.  These  have  been  transferred 
to  liqncfactiuii  flaBka,  where  they  were  left  in  contact  witli  anhydroas 
potash,  sulphurio  acid  alone,  a  mixture  of  sulphate  of  aniline  and 
sulphuric  acid,  or  phosphoric  acid,  for  many  days  before  use.  Each 
of  the  satnjiles,  when  cooled,  gave  a  nearly  white  solid,  melting  into 
a  bhie  liquid.  The  colour  is  more  marked  at  the  melting  point  than 
At  tho  boiling  point.  Liquid  nitric  oxide  is  not  magnetic ;  neither  is 
the  solid  i)ho8phorc8cent.  Colour  in  tho  oxides  of  nitrogen  evidently 
begins  with  the  second  oxide.  Solid  nitric  oxide  dws  not  show  any 
chemical  action  when  placed  in  contact  with  liquid  ctxygcn,  provided 
the  tube  containing  it  is  completely  immersed;  but  il  the  tube  full 
of  liquid  oxygen  is  lifted  into  the  air,  almost  instantly  a  violent 
explosion  takes  place. 

Specific  Gravities  taken  in  Liquid  Oxygen. — In  a  good  vacuum 
[  Tcssel  specific  gravities  may  be  taken  in  liquid  oxygen  with  as  great 
'ease  as  in  water.  The  shape  of  tho  vacuum  vossol  which  works  beet  ia 
shown  in  Fig.  4.  It  must  contain  excess  of  mercury  and  be  thoroughly 
b<jiled  out,  BO  that  the  inner  vessel  becomes  completely  coated  with  a 
mercury  mirror  us  soon  as  the  liquid  oxygcu  is  filled  in.  Instead  of  a 
mercury  vacuum,  the  iuti-rior  may  bo  silvered  and  highly  ethaiisted 
by  a  Sjirongel  pump.  The  flasks  must  also  bo  thoruughly  cleiiu  and 
free  from  dust,  otherwise  tho  liquid  oxygen  will  not  remuin  tranquiL 
Any  snporheating  is  prevented  by  inserting  a  long  narrow  piece  of 
wooil  fur  a  moment  before  the  fiual  weighing. 

Some  twenty  substancoa  were  weighed  in  liquid  oxygon,"  and  the 
apparent  relative  density  of  tho  oxygen  determined.  Tho  results 
were  then  corrected,  using  Fizeau's  values  for  the  variation  of  the 
coefficient  of  expansion  of  the  sulids  employed,  and  thereby  the 
real  density  of  liquid  oxygen  calciiliited.  The  re.sulting  value  was 
1*1375,  bar.  7CG'5,  in  the  case  of  such  ditferent  substances  as 
cndniium,  silver,  lead,  copper,  Bilvcr  iodide,  calc-Biiar,  rock  crystal. 
Tlie  following  table  gives  some  of  tlio  obBervationB  ; — 
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Houi  CnMoil  CuofncScDt  of  Kxpuuion 

ipp»rMiiI)raiilyof 

lUal  DinKity  of  UquM 

betweea  li"  C.-l«30  C. 

l.it|,uUl  OxTgcD. 

Oxj'gvn. 

Cadmtnm, 

7986  X  10"     ..      .. 

1-1188 

1-1359 

Lead, 

7892       

11197 

1-1367 

Copper, 

4266       „         .... 

11278 

1-1»7() 

Silver. 

5185      , 

1-1278 

1   1385 

Calc-«par, 

1123       „         ..      .. 

1   1352 

11376 

Bock  crystal 

27G9       

1-1316 

11376 

Silver  Iodide,  0189       „         ..      .. 

1-1372 

11376 

*  The  ti()uid  oxygen  miglit  possibly  contiiin  a  email  piuportiuu  of  nitrogen. 
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DiiTct  detcniiinations  with  an  exhausted  glass  cylindrical  Tcssel 
displacing  about  22  c.c.  cave  1*1378.  Fizeau's  parobolic  law  for 
the  Tart ation  of  the  coefficient  of  expansion  holds  down  to  —183^ 
The  solid  which  showed  the  greatest  contraction  was  a  hlnck  of 
oompreased  iodine ;  the  one  that  contracted  least  being  a  compressed 
cylinder  of  silver  iodide.  Wroblewski  gave  the  donsity  of  liquid 
oxygon  at  the  boiling  point  as  1  •  168,  whiTwis  Olszewski  found  1  •  1'24. 
The  variation  of  density  is  abont  +  0*0012,  for  20  mm.  barometric 
|ire^snre.  Much  work  requires  to  bu  dune  in  the  accurate  deter- 
minutiou  of  the  physical  constants  of  liquid  gases. 

Liquid  Air. — A  large  silver  ball  weighed  in  liquid  air  gave  the 
density  of  the  latter  as  0-910,  and  the  corresponding  density  of 
nitrogen  at  its  boiling  jwint  0-  850.  It  is  difficult  to  be  quite  certain 
that  the  coufititueuts  of  liquid  air  are  in  the  same  proportion  as  the 
(•OM-rius  ones,  so  tliat  furtlier  cxpc'rimcnt-s  must  be  made.  Li((nid  air 
kept  in  a  silvered  viiciium  veHSitl  gradually  rises  in  boiling  point  from 
the  instant  of  its  collection,  the  rate  of  increase  during  the  first  hour 
being  nearly  directly  proportional  to  the  time.  As  the  iucreuso 
Amounted  to  1^  in  ten  miuute!>,  the  boiling  poiut  of  oxygen  ought  t<i 
have  boon  reached  within  two  hours.  The  dcusity  of  liquid  air, 
however,  does  not  reach  that  of  pure  oxygen  even  after  thirty  hours' 
storage.  The  large  apparatus  of  the  Koyal  Institution  for  air  lique- 
faction can  be  arranged  to  deliver  liquid  air  containing  49  per  cent. 
of  oxygen,  which  gives  off  gas  containing  20  per  cont.  of  oxygen, 
rising  after  six  hours  to  72- 6  per  cent. 

Comhii»tion  in  Liquid  Oxyjen. — A  small  ignited  jet  of  hydrogen 
LuniR  coDtinuously  below  the  surface  of  liquid  oxygen,  all  the  water 
prtKluctxi  Iwing  carried  away  as  snow.  There  is  a  considerable 
amount  of  ozone  formed,  which  concentrates  as  the  liquid  oxygen 
eVH|M>rat<-3.  In  the  same  way  gruphite  or  diamond,  when  prop^^^rly 
ignited,  bnrns  continuously  on  the  surface  of  liquid  oxygen,  pro- 
dacing  solid  carbonic  acid  and  generating  ozone.  If  b'qiiid  oxygen 
is  sbsorbtxi  in  wood  charcoal,  or  cotton-wool,  and  a  part  of  the  bmly 
heated  t<>  rodnei^s,  cotubustion  can  start  with  explosive  violence. 

Gae  Jet»  containirKj  Liquid. — The  experiments  of  Joule  and  Thorn- 
ton and  Keguanlt  ou  the  temperature  of  gas  jets  issuing  under  low 
pressores  are  well  known.  The  following  observations  refer  to  the 
preMiire  n!quir<<d  to  prtwluce  a  lowering  of  tumperatnro  sufficient  to 
yield  liquid  in  the  gas  jet. 

The  apparatus  used  in  the  study  of  highly  oomprtssud  gas  jets  is 
reprcseutixl  in  Fig.  2;  where  C  is  a  vacuum  tubo  which  holds  a  coil 
of  pipe  about  5  mm.  in  diameter  surrounded  with  carlHin  dioxide  or 
air  for  cooling  the  gns  before  expansion,  and  A  is  a  small 
the  silver  or  copper  tube  about  \  mm.  in  diameter,  which 
e  place  of  a  stopcock.  When  carbon  dioxiilo  gas  at  a  pressure 
or  40  atraoB,  is  expanded  through  such  an  aporturc,  liquid  can 
be  aeen  where  the  jet  impinges  on  the  wall  uf  tho  vacuum  tulie,  along 
with  a  ct>nsiilerable  amount  of  solid.  If  oxygon  gas  epcapos  from  tho 
Kuall  hole  at  tho  pressure  of  100  atmoe.  having  been  cooled  previously 
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to  —Id"  in  the  vessel  C,  a  liqnid  jet  is  jnst  Tisible.  It  is  interest- 
ing  to  note,  in  passing,  that  Pictct  conld  get  no  liquid  oxygon  jet 
below  27U  atmoB.  This  was  dne  to  his  stopcock  being  massive  and 
outside  the  refrigerator.  If  the  oxygen  is  replaced  by  air,  no  liquid 
jet  cau  be  seen  until  the  pressure  is  180  atmos.,  but  on  raising  the 
pressure  to  300  atmos.  the  liquid  air  collected  well  from  the  simple 
nozzle.  K  tbe  carbon  dioxide  is  cooled  by  exhaustion  (to  about  1  inch 
pressure)  or  — 115",  then  liquid  air  can  easily  be  collected  in  the  small 
vacuum  vessel  D,  or  if  the  air  pressure  is  raised  above  200  atmos., 
keeping  the  cooling  at  —79^  as  before.*  The  chief  difficulty  is  in 
collecting  the  liquid,  owing  to  the  rapid  current  of  gas.  The  amount 
of  liquid  in  the  gas  jet  is  small,  and  its  collection  is  greatly  facilitated 
by  directing  the  spray  on  a  part  of  the  metallic  tube  above  the  little 
hole,  or  by  increasing  tbe  resistance  to  the  cBcaping  gas  by  placing 
some  few  turns  of  tbe  tube,  like  B  in  the  £gure,  iu  the  upper  portion 
of  the  vacuum  tube,  or  generally  by  pushing  in  more  tube  in  any  form. 
A  vacuum  vessel  shaped  like  an  egg-glass  also  works  well.  This  prac* 
tically  economises  the  cool  gas  which  is  escaping  to  reduce  the  tem- 
perature of  the  gas  before  expansion,  or,  in  other  words,  it  is  tbe  cold 
regenerative  piinciple.  Coleman  pointed  out  long  ago  tbat  his  air 
machine  could  be  adapted  to  deliver  air  at  as  low  a  temperature  as 
has  yet  been  [iroduced  in  physical  research.  Both  Solvay  and  Linde 
have  taken  patents  for  the  production  of  liquid  air  by  the  application 
of  cold  regeneration,  but  tbe  latter  bus  the  credit  of  having  succeeded 
in  coniitrut'tiiig  an  industrial  apparatus  that  is  lowered  iu  tempera- 
ture to  —140°,  or  to  the  critical  point  of  air,  in  about  15  hours, 
and  from  which  liquid  air  containing  70  per  cent,  oxygen  is  collected 
after  tliat  time. 

For  better  isolation,  the  pipe  can  be  rolled  between  tvro  vacuum 
tubes,  the  outer  one  being  about  9  inches  long  and  1^  inch  diameter, 
M  shown  in  Fig.  S.  The  aperture  in  tbe  metal  pipe  has  a  little  picco 
of  glass  tube  over  it,  which  helps  the  collection  of  the  liquid.  With 
such  a  simple  apparatus,  and  an  air  supply  at  200  atmos.  with  no 
previous  cooling,  liquid  air  begins  to  collect  in  about  Jive  minutes,  but 
the  liquid  jut  can  bo  seen  in  between  two  and  three  minutes.  It  is 
not  advisable  to  work  below  100  atmos. 

In  Fig.  4  the  metallic  tube  iu  t!io  vacuum  vessel  is  placed  in 
horizontal  rings,  leaving  a  central  tube  to  allow  the  glass  tube  C  to 
puss,  which  is  used  to  cool  bodies  or  examino  gases  under  compression. 
The  inner  tube  can  bo  filled  for  an  inch  with  liquid  air  under  a 
pressure  of  60  atuios,  iu  about  three  minutes.  Generally,  in  the 
experiments,  about  ^  to  4  cubic  feet  of  air  pusses  through  tho  dif- 
ferent sized  needle  holes  per  minute  when  tho  pressure  is  about 
200  atmos.     As  the  small  hole  is  apt  to  get  stopped,  for  general 


•  Tho  liquefaption  is  tahini;  place  in  this  nonditlon  at  IJ  limes  the  crttic«l 
(empei-iiturc.  Mydrogen  similarly  csj>aii(lcd  ut  the  nieltiug  (juiut  of  air 
(— '^U°  C.)  bchuvee  exactly  in  tbe  same  way. 
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H      working  it  is  better  to  nse  a  needlo  stopcock,  worked  from  the  ontsido 
H       bj  a  screw  passing  throngh  the  middle  of  the  coil  of  pipe. 
^1             in  testing  the  individual  coils  as  to  the  amount  of  air  passed  per 
^       minute  under  different  pressures,  the  arrangement  of  apparatus  shown 
1            in  tho  Plate  7  was  used. 

^ft              A  is  a  bottle  of  compressed  air,  to  which  the  copper  pipe  B  is 
^V      attaohod.     This  coiled  pipe  first  passes  throngh  the  vessel  C  con- 
taining water,  in  order  to  equalise  the  temperature,  and  then  through 
the  cork  D  into  the  glass  vacuum  vessel  E,  when  it  is  led  by  a  large 
^B      namber  of  convolutions  to  the  bottom,  tonuinatinp  in  a  miunto  piu- 
^^      hole  valve  F.     The  released  air  passes  from  F  right  up  through  the 
^H      eoils  and  out  of  the  vent  by  the  copper  tube  G,  which  in  its  turn 
^B      passes  through  a  vessel  H  similar  in  its  object  to  C,  and  is  then 
^1      oondacted  to  a  measuring  meter  Z  J. 

^B            The  following  table  gives  the  results  of  a  sories  of  experiments 
^1      made  on  one  coil  as  to  tho  rate  of  discharge  of  air  at  different 
^M      pressures : — 

p. 

FtcMirretai  Atmo. 
«berti. 

CnblcF»^tpprMlnov 
M«msiire<l  uudw  AunotpUere 

65 

105 
155 
IM 
SIO 
850 
S87 
200 

0  22 
0-42 
0-63 
0-79 
0-84 
1-00 
115 
118 

^^            The  results  show  that  the  rate  of  air  discharge  through  a  fine 
aperture  is  directly  proportionate  to  the  pressure,  or  the  velocity 
with  which  tlie  gas  on  Uie  hif^h-pressuro  side  enters  the  orifico,  ia 
independent  of  tho  density.     Actual  moasuromontB  of  the  size  of  the 
s«edJe-hole  resulted  in  proving    that  the  real  velocity  of  tho  air 
■ntertng  the  aperture  on  the  high-pressure  side  was  aliout  TjOO  feet 
per  second.     In  all  these  experiments  the  temperature  of  the  coil  was 
not  allowed  to  got  so  low  as  to  produce  any  visible  traco  of  conden- 
■ktion  in  tho  air  jet.     Just  before  liquefaction  the  rate  of  discharge 
of  air  through  the  same  aperture  may  bo  doubled,  the  pressure  ro- 
maioing  steady,  owing  to  change  in  the  visoosity  of  tho  gas  and  other 
actions  taking  place  at  low  temperatures.     The  alx>vo  nieasurcuients 
can  only  bo  regarded  as  representing  tho  general  working  of  such 
regenerating  coils. 

A  double  coil  of  pipe  has  advantages  in  the  cuuiluct  of  soma 
exporimenta.     The  efficiency  is  small,  nut  exceeding  the  liquefaction 
of  3  to  5  per  cent,  of  tho  air  passing,  but  it  is  a  quick  method  of 
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reaching  low  tempcrntnros,  and  easy  to  use  for  cooling  tubes  and  col- 
lecting a  few  hundred  e.c.  of  liquid  air,  especially  if  the  comprossed 
air  is  delivered  at  the  temperature  of  —  79"  before  expansion.  With 
larger  vacuum  vessels  and  larger  regenomting  coils  no  doubt  the 
yield  of  liquid  could  be  increased.  The  liquid  air  resulting  from 
the  use  of  this  fonn  of  apparatus  contains  about  50  per  cent,  of 
oxygen.  If  the  air  is  cooled  with  solid  carbonic  acid  previous  to  its 
reaching  the  vacuum  tulxs  coil  of  pipe,  the  only  change  is  to  reduce 
the  percentage  of  oxygen  to  40.  Successive  samples  of  liquid 
taken  during  the  working  bad  nearly  the  same  cfjioposition.  If 
the  arrangement  shown  in  Fig.  2  is  U8*:d,  with  silver  tube,  about 
I'jj-  inch  bore,  and  a  foot  or  two  coiled  in  upper  part  of  the  vacuum 
veRsel,  liquid  air  containing  26  per  cent,  of  oxygen  is  obtained. 
Ou  the  other  linud,  the  percentage  of  oxygen  can  be  increased  by  a 
slight  change  in  tlie  mo<le  of  working. 

In  tlio  above  experiments  air  is  taken  at  the  ordinurv'  temperature, 
whicli  is  a  little  above  twice  its  critical  temperature,  and  is  partially 
transformed  in  a  period  of  time  which,  in  my  experiments,  has  never 
exceerled  ten  minutes,  simply  and  expeditiously  into  the  liipiid  state 
at  its  boiling  point,  —  194',  or  a  fall  of  more  than  200^  has  been 
effected  in  this  short  period  of  time. 

ExperimenU  mi  Eydrogen. — Wroblewski  made  the  first  conclusive 
experiments  on  the  Uquefaction  of  hydrogen  in  January  1884,  He 
found  that  the  gas  cooled  in  a  tube  to  the  boiling  point  of  oxygen,  and 
expanded  quickly  from  IDO  to  1  atmos,,  showed  the  same  appearance 
of  sudden  ebullition  as  Caillotet  had  seen  in  bis  early  oxygen  experi- 
ments. No  sooner  bad  the  announcement  been  inado  than  Olszewski 
confirmed  the  result  by  expanding  hydrogen  from  190  atraoB.  pre- 
virsusly  cooied  with  oxygon  aud  nitrogen  boiling  in  vacuo.  Olszewski 
doclnre<l  in  1884  that  he  c>aw  colourless  drops,  and  by  partial  expuusion 
to  40  atmos.  the  liquid  hydrogen  was  seen  by  liim  running  down  the 
tube.  Wroblewski  could  not  confirm  these  results,  bis  hydro;j;en  beiug 
always  what  he  culled  a  "  liquido  dynamiqne."  He  proposed  to  get 
"static"  liquid  hydrogen  by  the  use  of  hydrogen  gas  as  a  cooling 
agent.  Professur  Ramsay,  in  his  '  System  of  Inorganic  Chemistry,' 
published  long  after  the  early  experiments  of  Pictet,  Cailletet, 
Wroblewski  aud  Olszewski  on  the  liquefaction  of  hydrogen  hod  been 
made,  sums  up  the  position  of  the  hydrogen  question  in  1891  as 
follows  (p.  28) : — "  It  has  never  been  condensed  to  the  solid  or  liquid 
ettttes,  Cailletet,  and  also  Pictet,  who  claim  to  have  condensed  it  by 
cooling  it  to  o  very  low  temperature,  and  at  the  same  time  strongly 
compressing  it,  hod  in  their  hands  impure  gas.  Its  critical  tem- 
perature, above  which  it  cannot  appear  as  liquid,  is  probably  not 
abiivc  —230"."  It  has  to  be  remembered  that  7  per  cent,  of  air  by 
volume  in  hydrogen  means  about  50  per  cent,  by  weight  of  the  mixed 
gases.  Even  1  per  cent,  by  volume  in  hydrogen  is  equivalent  to 
Bouie  13  ppr  cotit.  by  weight. 

The  following  table  givoa  the  theoretical  temperatures  reached  for 
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an  iDBtant  daring  the  adiabatic  expansion  of  hydrogen  under  different 
conditions : — 


Initial  Pnatnn  Abnovphens. 


MO  (Pietel)       ., 
3i>0(CiilUtet).. 
100  (Wniblewaki) 
INO  I  Oiszowaki) 
100 

too 


tnlUal  Temperuure. 

Tb«ontical  Final 
T«mpera.uir»  (AlMolutr} 

-130 

o 

2r. 

0 

52 

-IS* 

2* 

-210 

14 

-200 

19"5 

-2(10 

15-7 

-200 

12-7 

» 


The  calculations  show  that  little  is  gained  by  the  use  of  high 
pressures.  Ttie  important  inference  to  bti  dravra  trom  tho  figures  is 
to  start  with  08  low  a  temperature  aa  poRi^ible. 

From  188-1  until  his  death,  in  the  year  1888,  Wroblowski  devoted 
his  time  to  a  laborious  research  ou  the  isothermals  of  hydrogen  at 
Inw  temperatures.  The  data  thus  arrived  at  enabled  him,  by  the 
UM  of  Van  der  Waal's  formulas,  to  define  the  critical  ounatarits  of 
bjdrogen,  its  boiling  point,  density,  &o.,  and  the  sabeetiuout  exfieri- 
uionts  of  Olszewski  have  simply  contirinod  the  general  accuracy  of 
Wroblevgki'B  rosults.  Wroblewski's  critical  constants  of  hydruguu 
ftre  given  in  the  following  table ; — 

Cfitioal  t«mpemture —  240° 

M       prMmire IS-Sutiiioa. 

„       deiMity     0027 

Boiiin?  point -  2o0° 

iJvtlaity  •(  boiling  pniiil* 0003 

In  »  p*por  published  in  the  Phil.  Mag.  September  1884,  "On  the 
Liquefaction  of  Oxygen  and  the  Critical  Volumes  of  Fluids,"  the  sug- 
gcation  was  made  that  the  critical  pressnre  of  hydrogen  was  wrong, 
Mid  that  instead  of  being  90  atmos.  (ns  deduced  by  Sarrau  from 
AmAgat's  isothermals)  the  gas  bad  probably  an  abuormally  low  value 
for  this  constant.  This  view  was  substantially  contirmed  by  Wro- 
blewaki  finding  a  critical  pressnre  of  13  -  3  atmos.,  or  about  ono-fourth 
that  of  oxygen.  The  'Chemical  News  '  (September  7,  1894)  contains 
an  aoconst  of  tbd  stage  the  author's  hydrogen  experiments  had  reached 
at  that  date.  The  object  was  to  collect  liquid  hyilrogen  at  its  Iniiling 
point  in  an  open  vacuum  vessel,  which  is  a  mucti  more  difficult 
problem  than  seeing  the  liquid  in  a  glass  tube  under  pressnre  aud  at 
a  higher  temperature.  In  order  to  raise  the  critical  point  of  hydrogen 
to  about  —  20^,  from  2  to  5  per  cent,  of  nitrogen  or  air  was  mixed 
with  it.     This  is  simply  making  an  artificial  gas  containing  a  largo 

*  It  b  motwblo  that  the  real  denaity  of  boUlDg  liquid  hydrogen  may  Ho 
bctuMn  0- 12  and  0-  IM. 
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proportion  of  liydrogon,  which  is  capable  of  liqiiofaction  by  the  use 
of  liquid  air.  The  results  are  summed  up  in  the  foUowiug  extract 
from  the  paper  : — "  Ono  thing  can,  however,  be  proved  by  the  use  of 
the  gaseous  mixtnro  of  hydrogen  and  nitrogen,  viz.  that  by  subjecting 
it  to  a  high  compression  at  a  temperature  of  —  200^,  and  expanding 
the  resulting  liquid  into  air,  a  much  lower  temperature  than  any- 
thing that  has  been  recorded  up  to  the  present  time  can  be  reacherl. 
This  is  proved  by  the  fact  that  ench  a  mixed  gas  gives,  under  the 
conditions,  a  paste  or  jelly  of  solid  nitrogen,  evidently  giving  off 
hydrogen  because  the  gas  coming  o£f  bums  fiercely.  Even  when 
hydrogen  containing  only  some  2  to  5  per  cent,  of  air  is  similarly 
treated  the  result  is  a  white,  solid  matter  (solid  air)  along  vnlh  a 
clear  liquid  of  low  density,  which  is  so  exceedingly  volatile  that  no 
known  device  for  collecting  has  been  snccessfal."  *  ^M 

In  Professor  Olszewski's  paper  "  On  the  Liquefaction  of  Ga8,"t^| 
after  detailing  the  results  of  his  hydrogen  experimeutf,  he  says  : — 
"  The  reason  for  which  it  has  not  hitherto  been  ptwsible  to  liquefy 
hydrogen  in  a  static  state  is,  that  there  exists  no  gas  having  a  density 
between  that  of  hydrogen  and  nitrogen,  and  which  might  be,  for 
instance,  7 — 10  (H  =  1).  Such  a  gas  would  be  liquefied  by  means 
of  lic{nid  oxygen  or  air  as  cooling  agent,  and  afterwards  used  as  a 
recognised  menstruum  in  the  liquefaction  of  hydrogen.  Science 
will  probably  havo  to  wait  a  very  long  time  before  this  sug- 
gestion of  how  to  get  "  static  "  liquid  hydrogen  is  realised.  Tlie 
proposal  Wroblowski  made  in  1884  of  using  the  expansion  of  hydro- 
gen as  a  cooling  agent  to  ofTect  the  change  of  state,  is  far  more  direct 
and  practicable. 

Liquid  Hydrogen  Jet  and  Solid  Hydrogen. — Hydrogen, 
—  l'J4  (80"  abst.  i.),  the  boiling  point  of  air,  is  still  at  a  temperature 
which  is  two  and  a  half  times  its  critical  temperature,  and  its  direct 
liquefaction  at  this  point  would  be  comparable  to  that  of  air  taken  at 
60°,  and  liquefied  by  the  apparatus  just  described.  In  other  wonls,  it 
is  more  difficult  to  liquefy  hydrogen  (assuming  it  to  bo  snpplieil  at 
the  temperature  of  boiling  air)  than  it  is  to  produce  liquid  air  stort- 
ing from  the  ordinary  atmospheric  conditions.  Now,  air  supplied  at 
such  a  high  temperature  greatly  inoreasos  the  diflBculty  and  the  time 
required  for  liquefaction.  Still  it  can  be  done,  even  with  the  air 
supply  at  100\  in  the  course  of  seven  miuntcs,  and  this  is  the  best 
proof  that  hydrogen,  if  placed  under  really  analogous  conditions, 
namely  at  —  194°  must  also  liquefy  with  the  same  form  of  apparatus. 
It  is  almost  needless  to  say  that  hydrogen  under  high  compression 
at  the  temperature  of  15'  C  passed  through  such  a  regenerating  coil, 
produced  no  lowering  of  temperature.  Hydrogen  cooled  to  —  200^^ 
was  forced  through  a  fine  nozzle  under  140  atmos.  pressure,  and  yet 


cooled  to  H 


*  The  wuiprDBsed  gna  mixture  at  above  —210°  was  expanded  into  a  largo 
cooled  vacuum  vesst.-l. 
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DO  liquid  jet  could  be  seen.  If  tlie  hydrogen  contained  a  few  per 
cent  of  oxygen  the  gae  jet  was  visible,  and  tbe  liquid  collected,  which 
was  chiefly  oxygen,  contained  hydrogen  in  solution,  tho  gus  given  off 
for  Bouie  time  being  explosive. 

If,  however,  hydrogen,  cooled  by  a  bath  of  boiling  air,  is  allowed 
to  expand  at  200  atmoe.  over  a  regenerative  coil  provioiiely  cooled  to 
ths  same  temperature,  and  eimilur  in  construction  to  that  shown  in 
Fig.  8,*  a  liquid  jet  can  be  scon  after  the  circulation  has  continued 
for  a  few  minutes,  along  with  a  liquid  which  is  in  rapid  rotation  in 
the  lower  part  of  the  vacuum  vessel.  The  liquid  did  not  accamulnte. 
owing  to  ltd  low  specifio  gravity  and  tho  rapid  current  of  gas. 
Theae  difficulties  will  be  overcome  by  the  use  of  a  differently  shnpcd 
▼acnnm  veoael,  and  by  better  isolation.  That  liquid  hydrogen  can  be 
ooUoctcd  and  manipulated  in  vacuum  vessels  of  proj)er  construc- 
tion cannot  l>e  doubted.  The  liquid  jet  can  bo  nscd  in  the  meantime 
(until  BfK^cial  apparatus  is  completed  for  its  collection)  as  a  cooling 
as^nt,  like  the  spray  of  liquid  air  obtained  nnder  similar  circum- 
Btanctfis  and  this  being  practicjible,  the  only  ilifScnlty  is  one  of 
expense.  In  order  to  test,  in  the  first  instance,  what  the  hydrogen 
jat  could  do  in  tho  production  of  lower  temperatures,  liquid  air  and 
esygea  were  placed  in  the  lower  part  of  tho  vacuum  tube  just 
ooToring  the  jet.  The  rcsnlt  was  that  in  a  few  minutes  about 
50  CO.  of  tho  respective  liquids  wore  transformed  into  hard  whito 
Bolidfl  resembling  avalanche  snow,  quite  different  in  appearance  from 
the  jelly-like  mass  of  solid  air  got  by  the  use  of  tho  air  pump. 
The  solid  oxygon  had  a  pale,  bluish  colour,  showing  by  reflection 
all  tho  absorption  bands  of  the  liquid.  Tlio  temiTeratures  reached, 
and  other  matters,  will  bo  dealt  with  in  a  separate  cummuiiication. 
When  the  hydrogen  jet  was  produced  under  tho  surfuco  of  liquid  air, 
the  upper  part  of  the  fluid  seemed  to  become  specifically  lighter,  as 
a  well  marked  Hue  of  separation  could  be  seen  travelling  downwards. 
This  Bp})earance  is  no  doubt  due  in  part  to  tho  greater  volatility  of 
the  nifarogen  and  the  considerable  dilforenco  in  density  between  liquid 
oxygen  and  nitrogen.  In  a  short  time  solid  pieces  of  air  floated  about, 
and  the  liquid  subsequently  falling  below  the  level  of  the  jet,  hydrogen 
now  iaened  into  a  gaseous  atmosphere  containing  air,  wliich  frnzo  scdid 
all  round  tho  jet.  There  is  no  reason  why  a  spray  of  liquid  hydrogen 
at  it«  boiling  point  in  an  open  vacuum  vessel  should  not  bo  used  as  a 
ouoling  agent,  in  order  to  study  tho  proportiea  of  matter  at  Komo  20" 
or  30 '  above  the  absolute  zen). 

Fluorine. — This  is  the  only  widely  distributed  element  that  has 
not  been  liqnefieiL  Some  years  ago  Walhujh  and  Houalor  jmiatod  out 
that  an  examination  of  tho  boiling  points  of  substituted  halogen  organic 
compounds  lod  to  tho  couvlusion  that,  although  the  atomic  weight 
of  naorine  is  nineteen  times  that  of  hydrogen,  yet  it  must  in  the 

Is  th*  flgore,  A  rvprcacntB  one  of  the  hydrojien  cylinders;  B  aii>l  C, 
I  ftM»U  cooUiaing  carbonic  noid  under  exhanation  and  liquid  air  ro- 
ily; D.  regeocatiag  ooil ;  6,  pin  hole  nozxlc ;  F,  valve. 
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free  state  approach  hydrogen  in  Tolatflity.  This  view  is  confirmed 
by  the  atomic  refraction  which  Gladstone  showed  was  0*8  that  of 
hydrogen,  and  from  which  we  may  infer  that  the  critical  pressnre  of 
fluorine  is  relatively  small  like  hydrogen.*  If  the  chemical  energy 
of  fluorine  at  low  temperatares  is  abolished  like  that  of  other  active 
snbstances,  then  some  kind  of  glass  or  other  transparent  material 
could  be  employed  in  the  form  of  a  tnbe,  and  its  liqn^action  achieved 
by  the  nse  of  hydrogen  as  a  cooling  agent.  In  any  case  a  platinum 
Tessel  could  be  arranged  to  test  whether  finorine  resists  being  liqaefied 
at  the  temperature  of  solid  air,  and  this  simple  experiment,  even  if  the 
result  was  negative,  would  be  of  some  importance. 

During  the  conduct  of  these  investigations,  I  have  gratefully  to 
acknowledge  the  able  assistance  rendered  by  Mr.  Bobert  Lennox,  my 
chief  assistant  Valuable  help  has  also  been  given  by  Mr.  J.  W. 
Heath. 

[J.D.] 

*  On  the  other  hand,  the  exceptionally  small  rcfraotivity  valne  observed  by 
Lord  Bayleigh  in  the  eaae  of  helinm  shows  that  the  critical  pressure  of  this  body 
is  proportionately  high.  It  woald  therefore  be  more  diSicult  to  liquefy  than  a 
anMtance  having  about  the  same  critical  temperature,  bat  poeaeeaug  a  lower 
ciitioal  {ffeHure,  like  hydrogen. 
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Paorassoii  G.  Lipfmamm,  Membro  de  I'luBtitat  (France). 


Colour  Photography, 


Tax  problem  of  colnur  photography  is  as  old  aa  photography  itself. 
Tho  desire  of  fixing  the  colours  ag  well  as  the  design  of  the  benutifiil 
image  thrown  on  the  screen  of  tho  camera,  very  naturally  occurred  to 
the  earliest  observers.  Since  the  beginning  of  this  ceutury  three 
distinct  solatious  of  the  problem  have  been  realised. 

The  first  solntion,  not  qnite  a  complete  one,  is  founded  on  tho 
peculiar  properties  of  a  silver  compound,  the  violet  subchloride  of 
rilver.  E.  liecquorel  (1860)  converted  the  surface  of  a  daguerrcotyjie 
plat«  into  this  silver  compound,  and  by  projecting  on  it  the  image  of 
the  solar  spectrum,  and  other  objects,  obtained  good  coloured  impree- 
sions  Poitevin  substituted  paper  for  tho  silver  plate  as  a  substratum. 
No  other  substance  has  been  discovered  that  can  play  tho  part  of  tho 
sabcliloride  of  silver.  Moreover  tho  image  is  not  fixed,  in  the  photu- 
gmi>hic  sense  of  the  word  ;  that  is,  the  coloured  impression  is  retained 
fur  any  length  of  time  in  the  dark,  but  it  is  blotted  out  by  the  action 
of  daylight  The  reason  of  it  is  this:  the  Ricqnorcl  images  nro 
tamMd  by  coloured  silver  compouud^,  which  remain  sensihlo  to  light; 
•o  that  they  ore  destroyed  by  tho  continued  action  of  light,  in  virtue 
of  the  same  action  which  gave  them  birth.  Despite  tbo  numerous 
exporimcats  made  by  Recquorel,  Poitevin,  Zenker  and  others,  no 
rabctance  has  been  found  that  is  capable  of  destroying  the  sonsibility 
of  the  eubchloride  for  light  without  at  the  same  time  destroying  ita 
colour. 

Tho  Becond  method  for  colour  photography  is  an  indirect  one, 
and  may  be  called  the  three-colour  method.  It  was  invented  in 
Franco  by  Ch.  Cros,  and  at  the  same  time  by  M.  1>ucob  du  Hnuron 
(1669).  German  authurities  claim  the  priority  of  the  idea  fur  Barou 
B'      '  Tliree  separate  negatives  (colonrless)  are  taken  of  an 

o\  gh  three  coloured  screens.      From  these  three  positives 

(cqu;iliy  Luluurlc^)  are  made;  and,  lastly,  the  colour  is  supplied  to 
these  {>08i(ivc8  by  meoaa  of  aniline  dyes  or  coloured  inks.  Thus 
thrw?  ooloiirerl  monochromatic  positives  are  obtained,  which  by  supor- 
p«Mutiou  give  a  coloured  image  of  tho  model.  In  the  ingonions 
lately  invcotcd  by  Prof.  Joly,  the  throo  nogativoa,  and  appa- 
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rently  the  corresponding  three  positives,  are  obtained  interwoven  on 
ono  and  tho  same  plate.  The  tbree-oolowrtxl  method  can  give  a  very 
good  approximation  to  the  truth,  and  has  probably  a  great  future 
lefore  it.  We  may  call  it,  nevertheless,  an  indirect  method,  since  the 
colours  arc  not  generated  by  the  action  of  light,  but  are  later  supplied 
by  the  application  of  aniline  dyes  or  other  pigments.  Moreover,  the 
choice  of  these  pigments,  as  well  as  of  tho  culonred  screens  through 
which  the  negatives  have  been  obtained,  is  in  some  degree  an  arbitrury 
choire. 

Tho  third  and  latest  method  by  which  colour  pliotography  has 
been  realised  is  the  iutorfereutial  method,  wbi*;!!  I  published  in  1891, 
and  the  rtsults  of  which  I  beg  to  lay  before  you  this  evening.  It 
gives  fixed  iiuagos,  tho  colours  of  whiob  arc  due  to  the  direct  action  of 
the  luiiiinciufl  rays. 

For  nbtaining  colonre<l  photographs  by  this  method,  only  two 
conditions  are  to  be  fulfilled.  We  want  (1)  a  traneparont  grainlees 
photographic  film  of  any  kind,  capable  of  giving  a  colourless  fixed 
image  by  the  ustial  means;  and  (2)  wo  want  a  metallic  mirror,  placed 
in  iroraedittto  contact  with  the  film  during  the  time  of  expositioiv. 

A  mirror  is  easily  formed  by  means  of  mercury.  The  photo- 
graphic plato  being  first  enclosed  in  a  cnmera  slide,  a  quantity  of 
mercury  is  allowed  to  flow  in  behind  tho  plato  from  this  small 
reservoir,  which  is  connected  with  the  slide  by  a  piece  of  iuflia-rubber 
tubing.*  The  slide  is  then  adapted  to  the  camera,  and  the  action 
of  light  allowed  to  take  place.  After  exposure  tho  slide  is  sepa- 
rated from  the  camera,  the  mercury  reservoir  lowered  so  as  to 
allow  tho  mercury  to  flow  back  into  it ;  the  photographic  plate  is 
thon  taken  out,  developed  and  fixed.  When  dry,  and  examined  by 
reflected  light,  it  appears  brilliantly  colonrod. 

The  sensitive  film  may  be  made  cither  of  chloride,  iodide  or 
bromide  of  silver,  contained  in  a  substratum  either  of  albumen,  col- 
lodion or  gelatine.  The  corresponding  developers,  either  acid  or 
alkaline,  have  to  be  applied  ;  tho  fixation  may  be  cyanide  or  bromide 
of  potassium.  All  these  processes  I  have  tried  with  success.  For 
instance,  the  photograph  of  the  electric  spectrum  now  projected  before 
your  eyes,  has  been  made  on  a  layer  of  gelatino-bromide  of  silver, 
developed  with  amidol,  and  fixed  with  cyanido  of  potassium. 

As  you  see,  bright  colour  ]ihotographs  may  bo  obtained  without 
changing  tho  technique  of  ordinary  photography :  the  same  films, 
developers  and  fixators  have  tu  bo  employed ;  oven  the  secondary 
oporritions  of  intensification  and  of  isochromatisation  are  made  uso 
of  with  full  success.  The  presonco  of  the  mirrur  beliiud  tho  film 
during  exposure  makes  tho  whole  difference.  From  a  chemical  [xjint 
of  view  nothing  is  changed,  tlio  result  being  a  deposit  of  renluced 
silver  left  in  the  film,  a,  brownish,  colourless  deposit.     And  yet  the 


*  The  fclasii  uf  the  phntngrapliie  pLtte  has  to  be  tamed  towards  the  objeo- 
tive,  the  film  in  oontaot  with  the  metallic  oiinar. 
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praienoe  of  a  mirror  daring  expoenre  cnnsee  the  colourlees  deposit  to 
Bbuar  bright  colonra.  Of  course  wo  want  to  kuow  how  thifl  is  done ; 
we  retqiiire  to  understand  the  theory  of  those  colutire. 

We  all  know  that  ooloarlcss  8oap- water  gives  brilliant  eonp-bnbbles ; 
the  irideecenoe  of  mother-o'-pearl  takes  birth  in  coloarlc88  carbonate 
of  lime  ;  the  gorgeous  haes  of  tropical  birds  aro  simply  reflected 
from  the  browtiisti  substanoo  which  forms  the  feaibors.  Nowton 
diMorered  the  theory  of  tliese  phenomena,  and  subjected  them  to 
neararement;  he  invented  for  the  purpose  the  experiment  called  by 
Uie  name  of  Newton's  rin^  Newton  showed,  as  you  kuow,  that 
when  two  parallel  reflecting  soHlaoes  are  separated  by  a  very  short 
interTal,  and  illumined  by  white  light,  they  reflect  only  one  of  the 
ooluared  rajs  which  are  the  constituents  of  whito  light.  If,  for 
instanoe,  the  interval  between  the  reflecting  surfaces  is  only  xtt^it  of 
a  miilinietre,  violet  rays  are  alone  reflected,  tbo  rest  being  destroyed  by 
interference :  that  is,  the  two  surfaces  send  bock  two  reflected  rays 
whoee  vibrations  interfere  with  one  auuther,  so  as  to  destroy  every 
vibration  except  tbat  which  constitutes  violet  light.  If  the  iutcrval 
between  the  reflecting  snriaoes  be  augnieuted  to  to'^on  millimetre, 
Um  destruction  of  vibration  takes  places  for  every  vibratiuu  except  that 
of  red  light,  which  alone  remains  visible  in  this  cose. 

If  we  oonsidor  now  this  photograph  of  the  spectrum,  and  espociolly 
the  violet  eud  of  the  iniuge,  we  find  that  this  is  formed  by  a  deposit 
of  brown  redocwl  silver.  In  the  case  of  an  ordinary  photograph, 
this  deposit  would  simply  be  a  foruless  cloud  of  metallic  particles ; 
hero  the  clntid  has  a  definite,  stratiticd  form ;  it  is  divided  into  a 
IMBobcr  of  tliin,  cqnidistnut  strata,  parallel  tu  the  sarface  of  the  plate, 
nricTr  millimetro  aparL  These  act  as  tho  reflecting  surfaces 
eoaaidsred  by  Newton,  and  as  they  arc  at  tho  proper  distances  for 
reelecting  violet  rays,  and  these  alouc,  they  do  reflect  violet  rays. 

Tbo  red  extremity  of  the  photograph  is  equally  built  up  of  strata 
which  act  in  a  like  manner;  only  their  distance  interval)*  here  amount 
to  -nrlTro  millimetre,  and  that  in  the  proper  interval  for  reflecting 
red  light.  The  intermediate  parts  of  the  spectral  imago  aro  built  up 
with  intermediate  values  of  the  interval,  and  refloat  tho  intermediate 
parts  of  the  Npectrum. 

The  appt-anuioe  of  colour  is  therefore  due  to  the  regular  structure 
above  described,  imprinted  on  tho  photographic  deposit.  The  next 
qoettjoo  is — How  bus  this  very  line,  peculiar  and  adequate  structure 
bean  produced  ? 

It  ia  well  known  that  a  ray  of  light  may  be  considered  as  a 
ngalar  train  of  waves  projiaguted  through  the  ether,  in  the  same 
way  aa  wavoa  on  the  surface  of  water.  Tho  distance  between  two 
foUowiog  WBvee  is  constant,  and  termed  tho  wave-length ;  each  sort 
of  tadiatiou,  oach  colour  of  tho  spectrum,  being  characterised  by  a 
]iartieolar  value  of  tho  wave-length.  Now  when  a  ray  of  light  falls  on 
anudtivo  film,  (bis  train  of  waves  bimply  rushes  through  tho  film 
wjtli  a  velocity  of  about  300,000  kilomutrcs  per  eccond  ;  it  impresses 
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the  film  more  or  less  strongly,  bat  leaves  no  record  of  its  wave-length, 
of  its  particular  nature  or  colour,  every  trace  of  its  paaeage  being  swept 
out  of  form  by  reason  of  its  swift  displacement.  Tho  imprc&sina 
therefore  remains  both  uuifbnn  and  colourless.  Things  change, 
however,  as  soon  as  we  pour  in  mercury  behind  tho  plates,  or  othar- 
wiso  provide  for  a  mirror  being  iu  contact  with  it.  The  prosonco  of 
tho  mirror  changes  the  propagated  waves  into  standing  waves.  The  re- 
flected ray  is,  namely,  thrown  l>ack  on  ihe  incident  ray,  and  interferes 
■with  its  motion,  both  rays  having  equal  and  opposite  velocities  of 
propagation.  Tho  result  is  a  set  of  standing  waves — that  is,  of  waves 
eurgiug  up  and  down,  each  in  a  iixed  plane.  Etich  wave  impresses  tho 
sensitive  film  where  it  stands,  thus  proJucing  one  of  these  photo- 
gmphio  strata  above  alluded  to.  Tho  impression  is  latent,  but  comes 
out  by  photographic  development.  Of  courBo  the  distanco  between 
two  successive  strata  is  tho  distance  between  two  neighbouring  waves ; 
this,  theory  shows,  is  exactly  half  the  wave  length  of  tho  impressing 
light.  In  the  case  of  violet,  for  instance,  the  wave-length  being 
I  TDTO'n  millimetres,  half  the  wave-length  in  the  above-quoted  distance 
of  tTriinr  millimetres ;  this,  therefore,  is  at  the  same  time  tho  interval 
between  two  standing  waves,  in  the  case  of  violet  light  the  interval 
between  two  successive  jihotogntphic  strata,  and  at  liist  it  is  tho  interval 
[required  to  exist,  according  to  Newton's  theory,  for  the  said  strata 
reflecting  voilet  rays,  and  making  thoso  alone  apparent  when  illumi- 
Qatenl  by  white  light, 

Tho  colours  retlectcd  by  tho  film  have  the  same  nature  and  origin 
as  those  reflectc^d  by  soap-buhhlos  or  Newton's  rings  ;  they  owe  their 
intensity  to  the  great  niuiiber  of  reflecting  strata.  Supp^ise,  for 
instance,  the  photographic  iilm  to  have  the  thickness  of  a  sheet  of 
paper  (one-tenth  of  a  millimetre),  tho  fabric  built  in  it  by  aud  for 
a  violet  ray  ia  five  hundred  stories  high,  the  totnl  height  making 
up  one-tenth  of  a  millimetre.  Lord  liayleigh,  in  18S7,  has  proved 
a  priori  that  such  a  system  is  specially  adapted  to  reject  the  corre- 
sponding waves  of  light. 

How  are  wo  now  to  jirovo  that  the  above  theory  is  really  applicable 
to  the  colour  photograph  you  have  seen?  How  con  we  demonstrate 
that  those  bright  colours  are  dito  not  to  pigments,  but  to  the  inter- 
ference, as  in  the  caso  of  soap-bubbles  ?  We  have  several  ways  of 
proving  it. 

First  of  all»  we  are  not  bound  to  the  use  of  a  peculiar  chemical 
Bubstjiuce,  such  as  Becquorera  subchlorido  of  silver ;  we  obtain  colour 
with  a  variety  of  chemicals.  We  can,  fur  instance,  dispense  entirely 
with  tho  use  of  a  silver  soil;  a  film  of  gelatine  or  coagulated 
albumen  impregnated  with  bichromate  of  potash,  then  washed  with 
pure  water  after  exposure,  gives  a  very  brilliant  imago  of  the  spectrum. 

Secondly,  tho  colours  on  the  plate  are  visible  only  in  the  direction 
of  Rj>ocuhir  reflection.  Tho  position  of  tho  source  by  which  wo 
illumine  tho.  photograph  being  given,  we  have  to  put  the  eye  in  a 
corrospuuiliug  position,  so  an  to  catch  the  regularly  reflected  rays.     In 
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every  other  poeitton  we  see  noUung  bnt  a  colourless  negative.  Nuw, 
as  yon  arc  aware,  tbe  colours  of  pigments  are  seen  in  any  direction. 
By  projecting  again  a  photograph  of  the  Bpectrum,  and  turning  it  to 
and  fro,  1  can  abow  you  that  the  colours  are  visible  only  in  one 
direction. 

Thirdly,  if  we  change  tbe  incidence  of  tbe  illnTninating  rays,  tbat 
is,  if  ve  look  at  tbe  plate  first  in  a  normal  direction,  then  more  and 
more  alantingly,  we  find  that  tbe  colours  change  with  tbe  incidence 
exactly  aa  tbey  do  in  the  case  of  soap  bubbles,  ur  of  Newton's  rings ; 
khey  change  according  to  the  same  law  and  for  tbe  same  reasons. 
Tbe  red  end  of  tbe  spectrum  turns  snccessively  to  orange,  yellow, 
green,  blae  and  violet.  The  whole  system  of  colours,  the  imago  of 
the  spectrum,  is  seen  to  move  down  into  the  part  improssod  by  tbe 
infra-red.  This  is  what  we  expect  to  happen  with  interference 
colours,  and  what  again  we  cannot  obtain  with  pigments. 

Fourtljly,  if  while  looking  at  the  film  normally,  we  snfiFer  it  to 
aheorb  moisture — this  can  be  done  by  breathing  repeatedly  on  its 
mrfaico — we  see  that  the  colours  again  change,  but  in  an  order  oppo- 
■ite  to  that  above  described.  Here  the  blue  end  of  the  spectrum  is 
■een  to  turn  gradually  green,  yellow,  orange,  red,  and  finally  infra- 
red, tbnt  is,  invisible.  The  spectrum  this  time  seems  to  move  up  into 
the  ultra-violet  part  of  the  improved  film.  By  BufTcriug  the  n-atcr  to 
evaporate,  the  whole  image  moves  back  into  its  proper  place;  this 
experiment  may  be  repeated  any  number  of  times. 

The  same  jibenomeuon  may  be  obtained  with  Newton's  apparatus, 
by  slowly  lifting  tbe  lens  out  of  contact  with  the  piano  surface.  Tbe 
explanation  is  tbe  same  in  both  crises.  The  gelatine  swells  up  when 
imbibing  moisture.  If  we  consider,  for  instance,  tbe  violet  of  the 
gpectrnm,  the  small  intervals  between  the  strata  correspunding  to 
violet  rays,  gradually  swell  up  to  the  values  proper  for  green,  and  for 
red,  and  for  infra-red ;  green,  then  red,  then  infra-red  are  therefore 
suoceaaively  reflected. 

We  will  wet  this  photograph  of  tbe  spectrum  with  water,  project 
it  on  the  screen,  and  watch  the  colours  coming  bock  in  the  order  pro- 
scribed by  theory. 

It  is  necessary  to  use  a  transparent  film,  since  an  opaquo  one, 
such  as  is  commonly  in  use,  would  hide  the  mirror  from  view  ;  the 
sensitive  substance  must  be  grainless,  or  at  least  the  grains  must  be 
Boch  finer  than  the  dimensions  of  the  strata  ihey  are  intended  to 
form,  and  therefore  wholly  invisible.  The  preparation  of  transparent 
layers  gave  me  at  first  much  trouble ;  I  despaired  for  years  to  find  u 
proper  method  for  making  them.  Tho  method,  however,  is  simply 
thua:  if  the  sensitive  substance  (the  silver  bromide,  for  instance)  bo 
farmed  in  presence  of  a  sufficient  qiuntity  of  organic  matter,  such  as 
sUnutten,  gelatine  or  coUoiIion,  it  docs  not  appear  as  a  precipitnto  ;  it 
ranauss  invisible ;  it  i«  formud,  but  seems  tu  remain  diiisolvcd  in  the 
orauiio  sabstratum.  If,  for  instance,  we  prepare  a  dim  of  albuuicno- 
iodbdc  in  tho  osual  way,  only  taking  core  to  lozacu  the  proportions  of 
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iodide  to  half  juit  cent,  of  the  albmneu,  wo  get  a  perfectly  transparent 
plate,  adapted  to  colour  pbotograpbv. 

We  want  now  to  go  a  step  further.  It  ia  very  well  for  pbyaicists 
to  be  contented  with  working  on  the  spectrum,  since  that  contains 
the  elementi  of  every  compound  colour ;  but  we  all  desire  to  be  able 
to  photograph  other  objects  than  the  spectrnm — common  objecta  with 
the  uottt  compound  colours.  We  have  again  but  to  take  theory  as  a 
guide,  and  that  telle  us  that  the  same  process  is  able  to  give  us  either 
simple  or  compound  colours.  We  have  then  to  take  a  transparent 
and  correctly  isocbromatiscd  film,  expose  it  with  its  mercury  backing, 
then  develop  and  fix  it  in  the  usual  way;  the  plate,  after  drying, 
gives  a  correct  coloured  image  of  the  objects  placed  before  the  camera. 
Only  one  exposure,  only  one  operation  is  uocossary  for  getting  an 
image  with  every  colour  complete. 

A  plausible  objection  was  offered  at  first  to  the  poRsibility  of 
photographing  a  mixture  of  simple  colours.  The  objection  was  this: 
a  ray  of  violet  gives  rise  to  a  set  of  strata  separated  by  a  given 
interval ;  red  light  produces  another  set  of  strata  with  another 
interval ;  if  both  co-exist,  the  strata  formed  by  the  red  are  sure  to 
block  ont  here  and  there  the  intervals  left  between  the  strata  formed 
by  the  violet.  Is  it  not  to  be  feared  that  one  fabric  will  be  blurred 
out  by  the  other,  and  the  whole  effect  luEirred  ?  The  confusion  would 
be  still  woi-se  if  wo  consider  the  action  of  white  light,  which  contains 
an  infinity  of  simple  compoueuts  ;  every  intorral  here  is  sure  to  bo 
blocked  up. 

Mathematical  analysis,  however,  shows  this  objection  to  be 
nufoundud ;  we  have  ^rent  complexity,  but  not  confusion.  Every 
compouud  ray,  both  eoluured  and  white,  is  faithfully  rendered.  As 
an  experimental  pro4}f  of  this,  we  will  project  on  the  screen  photographs 
of  very  different  objects,  niunely,  stnined  glass  windows,  landscapes 
from  nature,  a  [wrtrait  made  from  life,  and  vases  aud  flowers. 

That  the  colours  here  ob.«crTed  aro  due  to  inteifercnce,  and  not  to 
the  presence  of  pigments,  can  be  shown  in  the  same  way  as  with  the 
sixHjtrmo.  Here,  again,  we  observe  that  the  colours  aro  visible  only  in 
the  direction  of  spoculur  reflection,  that  they  change  with  the  angle 
of  incidence,  that  thoy  change  and  disapjR>iir  by  wetting,  and  reappear 
by  drying.  Pigments  remain  e(|ually  visible  and  unaltered  in  colour 
under  every  incidence.  If  wo  attempted  to  touch  up  one  of  our 
photographs  with  oil  or  water-colours,  the  adiiUer.i,ted  place  would 
stand  out  on  a  colourless  background  by  nierL'ly  observing  by  diffmsod 
light.  It  is  therefore  impossible  either  to  iiuitute  or  touch  up  a  colour 
photograph  made  by  the  above-described  interferential  method. 
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Pbofbpsob  G.  V.  TooBK,  ILD.  F.R.C.P. 

The  CiradatioH  of  Organic  Matter. 

It  IB  quito  imposeiblo  to  define  "  organic  nmttcr,"  or  to  indicAto  tho 
liuo,  if  tliero  bo  any,  between  organic  and  iuorganic. 

Organic  mutter  is  the  material  of  which  living  things  arc  ma'lo, 
Wli'<n  a  chemiat  analyses  anything   which  is  the  pnKlnct   of   life, 

thcr  Tc^ctablo  or  auimul,  lie  often  speaks  of  his   incomhtiKlibio 

linn  or  ash  as  "  inorganic  iniitter,"  but  this  is  clearly  an  arltitrury 
nso  f'f  th(!  term,  for  this  incomlmstiblo  resiJiio  has  fornied  an  iiidiK- 
pcn<'ablo  {Hirt  of  ono  living  tiling,  and  may  in  due  time  bo  iiici>riKtratcil 
with  other  living  things  as  something  which  they  cannot  lio  without.! 

It  may  vtA\  bo  toat  everything  of  which  we  havo   knowluiige 
(oven  including  the  igneous  rooks)  has  at  one  time  or  another  formed 
fiart  of  a  living  organism,  and  it  is  certain  that  a  largo  pnijKirtion  of. 
thr    commoner   chemical    olements   may   form   a  part,  more  or 
indiKpcntiablo,  of  the  bodies  and  framework  of  plants  or  animnls. 

Oxygon,  hydrogen,  nitrogen,  carbon,  chlorine,  sulphur,  phosphorus, 
iron,  R<M]inraj  potaBsinm  and  ciJcitim  seem  to  be  iniiiniwiiiiable  to 
alniust  every  living  thing.  3(any  more  of  the  elements  are  constantly 
fonoJ  in  some  organisms,  while  others,  such  as  lead,  mercury,  silver, 
itb.,  may  be  temporarily  incorporated  with  living  bodies. 

We  shall  deal  to-night  mainly  with  those  elements  which  ara 
pre-eminently  mobile,  which  are  constantly  changing  and  exchanging,} 
combining  and  separating,  and  which  are  readily  combastible,     For 
prat^tical  purposes  ono  might  indeed  nee  tho  terms  "organic"  and 
"  combustible  "  to  signify  the  same  thing. 

With  reganl  to  solid  matter,  the  power  of  readily  circulating 
implies  a  readiness  of  combustibility,  but  it  must  be  remem))ere<l 
that  there  is  bo  hard  line  between  corobustiblu  and  incombustible. 
This  is  a  matter  of  temperature,  and  many  things  which  aru  iucom- 
Lustiblc  hero  are  said  to  be  blazing  in  the  sun. 


The  omnbtution  of  organic  matter  may  take  place  slowly  or  with 
vratf!  rapidity,  or  with  explusivu  viulence. 

\Vh<ii  wo  bum  coal,  wliich  is  a  vegetable  product,  wo  find  that 
tlie  cwImmi  ftud  hydrogen  escupe  uh  carbonic  acid  and  water,  aooom* 
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paaidd  by  nitrogen,  sulpbortc  acid  uid  volatile  bydrocarbons.  The 
residue  consiste  mainly  of  silica  and  alomina,  which  are  removed  from 
the  fnmace  in  the  form  of  clinker  and  a»h.  The  water  ultimately 
retnms  to  the  earth  in  the  form  of  rain  or  dew,  the  carbonic  acid  is 
nltimately  absorbed  by  green  plants,  and,  by  stimulating  the  growth 
of  these,  helps  to  fumi^  na  with  more  combustible  material,  while 
the  residue  18  almost  a  waste  product.  Thus,  in  this  example  we  find 
that  the  carbon  and  watery  vapour  readily  "circulate,"  while  the 
rosiduQ  con  only  do  so  aftur  a  lung  interval  of  time,  and  ia  practically 
lost  The  volatile  hydrncorbonB  and  Bulphurio  acid,  being  poisonous 
to  herbage,  are  a  source  of  practical  loss  rather  than  gain. 

Let  us  take  next  the  case  of  an  animal,  which  ia  really  a  living 
furnace,  browsing  in  a  field ;  as  it  browses  we  may  often  see  the 
breatb,  which  ia  thu  smoke  of  this  furnace  laden  with  carbonic  aoid 
and  water,  escaping  from  its  month  and  nostrils,  and  it  is  probable 
that  the  green  leaves  of  the  herbage  absorb  this  carbonic  acid  almost 
as  soon  as  it  escapes,  and,  nppmpriating  the  carbon,  return  oxygen  to 
the  animal  to  help  its  resjiiration  and  combustion.  The  animal  as  it 
cats  continues  to  grow  and  increase  in  bulk  and  value,  whereas  the 
artificial  furnace  iu  which  the  coal  is  burnt  tends  steadily  to  wear 
out  and  decretise  in  value.  As  it  browses  and  grows,  the  droppings  of 
the  animal  nourish  the  bcrbiigo  which  bore  and  tbere,  by  patches  of 
mure  vigorous  growth  and  deeper  greon,  afford  sure  evidence  of  the 
value  of  those  waste  products. 

In  this  arraugemeut  there  is  no  waste,  for  both  the  animal  and 
the  herl)age,  by  a  process  of  mutual  exchange  and  the  circulation  of 
organic  matter,  increase  in  value. 

Not  only  is  there  no  waste,  but,  strange  as  it  may  seem,  there  is  a 
positive  gain,  with  no  loss  whatever.  The  furnace  and  the  fuel  are 
both  increased !  This  increase  can  only  be  apparent,  and  not  real, 
for  it  is  well  known  that  althougb  we  may  alter  the  form  of  matter, 
wo  can  add  nothing  to  and  subtract  nothing  from  the  sum  total  of 
the  world. 

One  would  say  that  this  apparent  increase  is  due  to  the  stimulat- 
ing  effect  of  the  excreta  upon  the  soil,  which  enables  us  to  draw 
something  exti-a  from  that  inexhaustible  storehouso  of  plant-food  and 
water,  and  enables  the  animal  to  use  these  materials,  instead  of  allow- 
ing them  to  drain  to  tLe  springs,  and  so  tind  their  way  to  the  sea. 
We  know  that  a  far  greater  proportion  of  the  rainfall  percolates 
throngh  barren  soil  tliau  through)  soil  boitriug  crops.  If  this  be  so, 
there  is  a  practical  increase  of  the  land  at  the  expense  of  the  water. 

Again,  we  must  remember  that  our  knowledge  of  the  sources  of 
the  gases  of  the  atmosphere  is  not  complete.  It  may  be  that  all  tlie 
oxygen  of  the  air  is  furnished  by  the  green  leaves  of  plants,  and  all 
the  carbonic  acid  by  processes  of  respiration  and  combustion,  but  wo 
are  by  no  means  sure  of  this.  Of  tbe  sources  of  the  atmospheric 
nitrogen  we  know  nothing.  Now  it  is  certain  that  mucb  of  tbe  carbon 
of  the  atmosphere  is  appropriated  by  the  plants,  and  much  of  tko 
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otj^m  hj  the  ftniin&l.  If  lunong  the  berl»g0  fliere  be  plants  c^ 
clorer,  it  is  no^  certain  that  mnch  of  the  fttmocpheric  nitrogen  will 
be  drawn  into  the  soil  to  nourish  these  plants  and  generallr  to  loerBase 
its  fertility.  Whether  the  retam  of  oirgen,  carbon  and  nitrogen  ia, 
in  the  long  mn.  equal  to  the  intake  we  cannot  telL 

When,  however,  we  ponder  npon  the  gradoal  increase  of  vegetable 
soil  or  hnmns  with  which  the  bore  rocks  have  been  clothed  in  the 
coarse  of  &g<?s,  it  is  almost  impossible  not  to  oome  to  the  conclnsion 
that  the  humns  and  with  it  the  fertility  of  the  soil  has  steadily  in-  , 
enased  at  the  expense  of  the  aea  on  the  one  hand,  and,  poesibIjJ~ 
of  the  atmofiphere  on  the  other.     To  pat  the  matter  in  the  form  oT 
qaeatioD  and  in  other  terms,  "  Does  the  Liikotpkere  increase  at  tb< 
expense  of  the  Aimotpkere  and  the  Hydrosphere^"     Does  the  land' 
increase  at  the  expense  of  sea  and  air  ?    Be  this  as  it  uay,  it  seems 
curtain  that  by  EcmpalonB  retom  to  the  soil  of  all  that  coiucs  out  of 
it  the  resources  of  natare  arc  made  increasiiigly  available  for  the 
benefit  of  man. 

When  organic  matter  is  mixed  with  water,  a  process  of  pntrefae- 
tion  and  fermentation  is  started,  and  the  organic  matter,  instead  of 
nndi-rgoing  oxidation,  is  rednoed,  and  amoDg  the  commoner  prodncts 
of  this  process  are  ammonia  wit)i  snlphoretted  hydrogen  and  niarsh- 
gss,  which  are  both  cuinbnstible.  These  processes  famish  ns  with 
other  combnatiblc  matters  among  the  commonest  of  which  are  the 
alcuholft,  the  familiar  products  of  fermentation. 

It  is  interesting  to  note  the  tendency  of  organic  matter,  when 
mixed  with  water,  to  give  rise  to  explosive  and  combastible  products. 
Explosions  in  cesspools  and  sewers  have  oocarn-d  many  times. 
Wlicn  wet  hay  is  stored  in  stack  it  catches  fire.  When  we  stir  tbfl 
mad  at  the  bottom  of  a  pond  or  river,  bubbles  of  combnetible  marsh- 
gas  rise  to  the  snrfnce.  The  coal  measnres  are  dne  to  the  storing 
under  water  of  semi-aqnatic  plants  which  have  been  preserved  by 
being  silted  np,  and  we  know  that  coal  is  full  of  olefiaut  gas,  marsh- 

stilphurctuxl  hydrogen  and  carbon  monoxide,  which  arc  all  com- 

ibli*,  and  that  the  carbonaceous  residue,  charged  with  volatilol 
anil  conibnstible  hydro-carbons,  forms  the  chief  fnol  of  the  civilised 
World.     Peat  ii  formed  in  ways  aualogous  to  that  of  coal,  and  the 
so- called  minoral  oils  are  certainly  the  products  of  organic  matter 
which  bits  been  silted  np. 

These  sabterranean  stores  of  oombustitiles,  all  of  organic  origin,! 
are,sa  vre  know,  prodigious  in  quantity.   Nobo<ly  can  predict  the  time* 
which  it  will  take  to  cxbaiut  the  coal  measures  of  the  world,  and  wo 
know  for  a  fact  that  the  sacred  ilrch  of  Buka  on  the  Caspian,  fed  by 
sabterranean  reservoirs  of  naphtha,  have  been  bnming  for  centuries. 

When  we  see  the  end  of  a  tin  of  "  preserved  meat"  bulged,  wo 
know  that  the  gas-forming  organisms  have  been  at  work  within,  and 
wben  tiio  bod  of  the  lower  reaches  of  the  Mississippi  rises  as  a  timall 
mud  ffloontain,  splattering  with    carburolted    hydrogen,  we   know 
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that  analogous  forces  have  been  in  operation.  It  soenis,  indeed,  to 
lie  A  law  of  nature  that  the  nltimato  destiny  of  organic  njattor  is  to 
"  circulate,"  and  tbat  if  it  do  not  do  so  quietly,  as  in  the  ordinary  pro- 
cesses of  nutrition  in  plants  and  animals,  it  merely  bides  its  time 
and  nltiniately  attains  its  end  with  more  or  less  destructive  violence. 

Nitre  (nitrate  of  potash  or  nitrate  of  soda)  is  an  organic  product, 
and  Bulphnr  is  an  essential  conBtituont  of  all  or  nearly  all  organismB. 
Of  the  three  ingre<lients  of  gnn|K>wd6r,  two  (charcoal  atuli  sullpetre) 
are,  it  is  certain,  of  cxclnuively  organic  origin,  and  the  third,  sulphur, 
may  be  bo  also. 

AH  the  common  combust! hies  with  which  wo  are  familiar  are 
certainly  of  organic  origin,  and  one  is  almost  forced  to  the  conclusion 
that  in  this  W(.>rld  life  must  have  preceded  combnstion.  If  we  are  to 
explain  what  has  been  by  what  is,  such  a  cunclu!<ion  ia  irresistible. 
Are  we  quite  sure  that  vcdcanoes,  which  are  seldom  far  from  the  sea, 
are  not  fed  by  old  deposits  of  organic  matter  which  lias  collected  in 
the  primeval  ocean,  and  like  the  more  ruceut  coal  uieaaurea,  have 
been  silted  up. 

Wtiat  has  been  the  destiny  of  the  protoplasm  of  the  coTintlofis 
animals  and  plants  which  are  found  in  geologic  strata?  What  part 
have  ancient  microbes  had  in  the  fiimatiou  and  ditirupttou  of  the 
successive  layers  of  which  this  earth  is  formed  ?  TJieso  arc  questions 
which  force  themselves  upun  tlio  mind,  but  which  I  will  uot  now 
attempt  to  answer.  This  biological  view  of  the  coHmogony  wliich 
subjects  the  world  equally  with  all  tbat  is  upon  it  to  the  laws  of 
development,  evolution  and  decay,  dous  not,  I  believe,  present  bo 
many  difficulties  as  might  at  first  sight  appear. 

"  Omne  vivum  ex  vivo  "  is  a  law  of  nature,  and  all  organic  bodies 
spring  from  organic  antecedents.  Organic  matter  is  our  capital  in 
this  world,  anil  the  more  frequently  we  can  turn  it  over,  and  the 
more  quickly  and  efficiently  wc  can  make  it  circulate,  the  more 
frequent  will  be  onr  dividends.  If  we  burn  organic  matter,  we  may 
get  a  good  dividend  of  energy,  but  nothing  further  is  to  be  expected. 
The  construction  of  the  furnace  involves  an  outlay  of  capital  which 
steadily  diminishes  as  the  furnace  wears  out  by  frequent  use.  If  we 
burn  orgauic  matter  merely  to  bu  rid  of  it,  we  spend  our  money  for 
the  sole  piir^jotic  of  dissipating  our  capital.  The  function  of  fire  ia 
to  destroy  and  steriltso. 

If  we  mix  organjo  matter  with  largo  quantities  of  water,  wo  have 
to  encounter  all  the  evils  and  annoyance  of  piitrofuction,  and  if,  when 
so  mixed,  we  send  it  to  the  sea,  wo  have  no  material  gain  of  any  kind. 
We  spend  our  money  for  the  purpose  of  dissipating  our  capital. 

We  may  place  the  water  containing  the  organic  matter  upon  the 
land,  and  in  tropical  countries  this  is  done  with  excellent  effect  for  tlio 
production  of  rice,  a  semi-aquatic  plant  which,  according  to  Professor 
(loorgesan,  Professor  of  Agriculture  in  the  Imp^'.rial  University  of 
Tokio,  is  said  to  prefer  its  nitrogen  in  the  form  of  ammonia.     The 
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no  aathoritj  states  that  nitrification  dooa  not  toko  place  under 
VBter,  Mid  carofal  experiments  carried  out  at  Tokio  show  tlmt  Ktilpliate 
of  uBnunu*  is  a  much  better  manure  for  irrigated  rice  than  nitrate  of 


In  onr  damp  climate  sewage  farming  has  proved  a  dismal  failure, 
■nd  the  difBcalties  seem  to  increase  with  the  quantity  of  water  which 
has  to  be  dealt  with.  Excess  of  water  drowns  tho  humus,  and  nitri- 
firfttioin  cannot  go  on  in  a  soil  the  pores  of  which  are  closed  by  excess 
of  moutura. 

Th6  liring  earth,  toeming  with  aorobic  microbcR,  mnst  I)e  allowed 
lo  Imathe.  It  needs  for  this  purpose  a  certain  amount  (abont  30  per 
cant.)  of  moisture,  but  it  stands  drowning  no  bettor  tbau  a  man  does, 
■ad  if  it  be  drowned,  agricultural  failure  is  inevitable. 

If  we  carefully  return  to  the  npper  layers  of  tlio  humuB,  in  which 
air  and  microbes  exist  iu  plenty,  the  residue  of  everything  which  wo 
extZBOt  from  it,  wo  inevitably  increase  the  thickness  of  the  humus  and 
its  fertility.  Our  capital  increases,  and  our  dividends  iuci'case  and 
ncnr  with  a  frequency  which  depenils  upon  the  climate. 

With  Uirifty  and  high  cultivation  it  may,  indeed,  prove  profitable 
to  cocapenaato  defects  of  climate  by  the  use  of  glass  and  artificial 


The  port  played  in  the  economy  of  nature  by  fungi  and  bacteria — 
(be  new  learning  of  the  last  half-century — is  on  addition  to  hnmau 
knowledge  which  is  destined  to  rcvolntiuniso  our  views  of  many 
aAtanl  {^nomcna.  It  has  already  exercised  enormous  propnlsivo 
power  on  human  thoupht,  and  bus  stimulated  our  imaginations  scarcely 
lea  Utoo  when,  to  use  the  words  of  Froudc,  "  the  firm  earth  itself, 
gnJTed  from  its  foundations,  was  seen  to  be  but  a  small  atom  iu  the 
Kwfsl  Toatnees  of  the  universe." 

This  knowledge  has  provided  us  with  a  new  world  peopled  with 
in  numbers  which,  like  the  distances  of  the  oi^tronomcrs 
the  periods  of  the  geologists,  are  really  unthinkable  by  the 
mind.  Their  variety  alfio,  both  in  form  and  function,  is,  for 
pnrpoeee,  infinita 
Wben,  with  the  help  of  the  many  inventions  of  the  optician  and 
ffce  dyer,  we  catch  a  glimpse  of  things  which  a  few  years  back  were 
•■■adnamt  of  in  our  philosophy,"  and  when  we  reflect  that  these 
I  are  certainly  the  offspring  of  "  necessity,"  and  are  probably 
indications  of  infinities  beyond,  we  cannot  be  too  thankful  for 
fto  flood  of  light  which  tlicao  diBoovuries  have  shed  upon  the  enormity 
0i  Imaan  ignorance. 

Tbo  lower  animals  and  the  lower  vegetable  orgnnisms  (fungi  and 
I)  oo-<^e>Bte  in  a  romorkable  way  in  the  circulation  of  organic 


In  Ifae  antsnin  tho  gardener,  with  a  view  to  what  is  called  "  loaf 
Boald."  sweeps  tbo  dead  leaves  into  a  heap  whore  tlicy  are  uxpn«ed 
t<i  air  and  rain.     Tliis  heap  whon  thtus  troatcil  gets  hut,  and  last 
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BQtnmn  I  foand  that  tho  temperature  of  snch  a  heap  had  risen  in  the 
Connie  of  a  ^rock  or  so  to  104"  F.,  and  remained  at  a  temperature 
considerably  above  that  of  the  aurronnding  air  during  the  whole 
winter.  On  turning  it  over  after  a  month  or  bo  one  found  in  it  a 
large  nnmbcr  of  earth  worma  and  endless  fungoid  growths  visible  to 
the  naked  eye,  and  one  felt  sure  that  it  was  swonning  with  comttless 
millions  of  bacteria,  invisible  except  to  the  highest  powers  of  the 
mioroeoope.  In  the  beginning  of  March  tliis  heap,  much  reduced  in 
siEe,  was  spread  loosely  over  a  patch  of  ground  which  was  previotisly 
dug.  If  one  examined  that  ground  to-day  one  would  scarcely  rocog- 
niee  the  structure  of  leaves,  and  in  a  few  weeks  more  it  will  have 
become  nothing  but  ordinary  garden  mould,  and  anything  planted  in 
it  will  grow  with  vigour.     This  is  a  familiar  every-day  fact 

We  know  also  that  noisome  filth  spread  over  a  field  by  tho  farmor 
in  the  autumn  or  winter  loses  its  ofiensivenesB  in  a  few  days,  and  by 
the  spring  neither  our  eyes  or  noses  give  us  any  eluo  to  the  cause  of 
the  fertility  of  the  field  which  is  covered  with  ordinary  "mould." 
This  process  of  "  humification "  is  largely  due  to  earth  worms 
and  other  earth  dwellers,  which  pass  the  earth  repeatedly  through 
their  bodies,  and  in  doing  so  reduce  it  to  a  very  iine  powder.  I  have 
upon  the  table  pomo  worm  castings  picked  off  a  lawn,  and  which, 
after  l)eing  slowly  ilried,  have  been  gently  sifted  through  muslin. 
Those  who  have  never  examined  a  worm  casting  in  this  way  will  he 
inttireated  to  see  of  what  no  impalpable  dust  tho  greater  )>art  is  cflm- 
posed,  and  will  also  note  the  considerable  size  of  the  pieces  of  flint 
and  grit  which  tho  animal  has  used  in  its  living  mill,  and  which  have 
been  separated  by  the  muslin  sieve. 

These  castings  are  full  of  n]icrol>e8,  and  those  who  will  take  the 
trouble  to  scatter  the  smallest  conceivable  pinch  of  this  impalpahlo 
dust  upon  a  sterilised  potato,  after  tho  manner  and  with  all  the  pre- 
cautions familiar  to  bacteriologists,  will  obtain  an  abundant  and  varied 
growth  of  bacteria  and  moulds,  which  will  completely  baffle  their 
powers  of  enumeration  and  discrimination. 

Tho  greatest  hindrauco  in  tho  bacterial  examination  of  tho  soil  is 
this  /'mbarras  de  riehcgaet,  which  makes  the  isolation  of  different 
species  a  matter  of  extreme  diSieulty. 

The  bacteria  exist  in  the  soil  in  countless  millions,  but  it  must 
bo  remembered  that  they  get  fewer  as  wo  go  deejwr.  'I'he  first  few 
inches  of  the  soil  are,  in  the  matter  of  bacterial  richness,  worth  all 
the  rest,  and  at  a  depth  of  tivo  or  six  feet  they  appear  to  be  almost 
non-existent.  The  practical  lesson  which  we  have  to  lay  to  heart  in 
applying  this  knowlclge  is  that  the  upper  layers  of  the  soil  are  the 
potent  layers  in  bringing  about  the  circulation  of  organic  matters, 
and  that  if  we  wish  to  hasten  this  process  we  must  he  careful  to  plaoe 
our  organic  refuse  near  the  surface  and  not  to  btiry  it  deeply,  a  pro- 
cess by  which  the  circulation  is  inevitably  delayed  or  practically 
prevented.  If  wo  bury  it  deoply  we  not  only  get  no  good,  but  we 
may  get  harm  by  poisoning  our  wells  and  springs. 
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It  u  tbe  satQO  with  organic  liquids.  If  thone  bo  ponred  on  tho 
■nrfmoe,  the  "  living  earth  "  ( i.  e.  tho  humus  Btutfoil  with  animal  and 
microbial  life)  purges  them  of  their  organic  matter,  and  transmits  a 
relatively  pure  liqnid  to  tho  deeper  layers.  If  they  be  taken  to  tbe 
barren  snbeoil  direct,  as  in  nndergronnd  eotvers  and  cesspoolB,  they 
eaeape  the  purifying  action  of  air  and  aerobic  organisms,  and  inevitably 
poison  the  water.  Filthy  liquids  accumulating  in  cesBpoolB  and 
leaking  under  presture  to  onr  wells  have  cost  ns  health  and  money 
inoaloiilable. 

Liqaids  poured  upon  the  surface  cannot,  owing  to  tho  crumby 
ealnre  of  the  humna,  exert  any  appreciable  hydraulic  pressure.  This 
ia  a  fact  of  huge  importance  in  the  practical  mauagemoQt  of  organio 
refnao. 

All  effete  organic  matter  instantly  becomes  tho  prey  of  animals 
and  plants.  The  dead  body  of  an  animal  teems  with  life — "  Lo  roi 
out  mort.  rive  le  roi."  M.  Megnin,  a  skilled  entomologist  and  a 
nomber  of  tho  French  Academy  of  Medicine,  has  made  a  study, 
which  is  full  of  gruesome  interest,  of  tho  living  machinery  which 
makes  away  with  the  bodies  of  animals  not  buried  but  exposed  to  tho 
air  and  protected  from  beasts  of  prey. 

M.  Megnin  shows  that  the  destruction  of  the  animal  is  accom- 
pliahod  in  no  haphazard  fashion,  but  that  successiTe  squadrons  of 
iaaflcto  are  attracted  by  tho  successive  stages  of  putrefaction. 

Tbe  first  squadron  which  arrives,  sometimes  before  death  and 
alvaja  before  putrefaction,  oonsists  entirely  of  dipterous  insects, 
hoaac-fUea  and  their  relative  the  blow-fly. 

The  next  squadron  are  also  diptera,  and  are  said  to  be  attracted 
by  tbe  commencing  odour  of  decomposition.  These  srpiadrons  use 
Ibe  oarease  as  a  procreant  cradle,  and  thus  ousuro  tho  nourishment  of 
tbe  lame  so  soon  as  they  are  hatched.  Amongst  these  flesh-sccking 
flies  tbcre  are  said  to  be  speciaLists  which  prefer  the  lleeh  of  particular 


Tbe  tbird  squadron  is  attracted  when  the  fat  begins  to  undergo 
an  acid  fermentation.  These  consist  of  colcoptora  and  lepidoptera, 
baellne  and  butterflies,  and  among  them  is  Dermeaiea  Lardarivs,  tho 
BmpO  Beetle. 

Wben  the  fats  become  cheesy,  the  diptera  reappear,  and  among 
tbem  i«  Pj/ophila  Casei,  the  fly  which  breeds  jumpers  in  cheese,  who  is 
aeoompanied  by  a  boLtle  the  larvaa  of  which  are  connoisseurs  of 
rmoddily. 

Whan  the  eareaao  becomes  ammoniacal,  black  and  slimy,  it  is 
Tiaitad  by  a  fifth  squadron  of  flies  and  iKotles. 

And  tbeae  are  succeefled  by  the  sixth  squadron,  consisting  of  acari 
wboae  function  it  is  to  dry  up  tho  moisture  and  reduce  the 
to  a  mummy -like  condition. 
Tbe  dried  carcase  proves  attractive  to  the  seventh  squadron,  con- 
beetloti  and  moths,  some  of  which  are  tho  familiar  pests  »>f 
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the  housewife,  the  furrier,  and  the  keepers  of  mnsenms.  These 
animals  gnaw  the  softer  parts,  such  as  ligamente,  aud  leave  nothing 
bnt  a  fine  powder  behind  them,  which  is  in  fact  their  dang. 

The  last  and  eighth  squadron  consists  solely  of  booties,  which 
clean  up  the  debris,  in  the  shape  of  dnng,  sholls,  pupa  cases,  Ac,  of 
the  seven  squadrons  which  have  preceded  them. 

M.  Megniu,  being  an  entomologist  and  not  a  bacteriologist,  deals 
exclusively  with  the  insects  concerned  in  making  away  with  a  carcase, 
but  it  is  evident  that  bacteria  work  hand  in  band  with  them. 

There  are  many  other  instances  which  may  be  quoted  of  the  co- 
operation of  fungi  witii  other  organisms,  and  it  is  only  of  late  years 
that  we  have  appreciated  the  fact  of  gymbiogit  or  the  living  together 
of  two  organisms  for  the  rautnal  b<"iaetit  <)f  each.  This  fact  was  first 
pointed  out  in  so-called  lichens,  which  are  now  shown  to  be  complex 
bodies  consisting  of  a  fungus  and  an  alga,  living  in  symbiotic  com- 
munity for  the  mutual  benefit  of  each. 

It  was  next  shown  that  the  Papilionaceous  LoguminosiB  are  unable 
to  fiourish  without  certain  bacterial  nodules  which  grow  upon  their 
roots,  and  by  the  instrumentality  of  which  they  can  appropriate  the 
nitrogen  of  the  air,  and  thus  the  fact,  familiar  for  centuries,  that 
the  loguminosH)  leave  the  ground  in  a  state  of  great  fertility,  while 
they  are  singularly  independent  of  nitrogenous  manures,  has  been 
explained. 

But  if  the  plants  themselves  ore  independent  of  dnng,  it  is  not  so, 
apparently,  with  the  symbiotic  nodules,  which  seem  to  flourish  far 
more  vigorously  in  rich  garden  ground  than  they  do  in  comparatively 
poor  farm  land.  Thus  Sir  John  Lawes  has  grown  clover  in  a  rich 
old  garden  for  forty-two  years,  and  has  had  luxuriant  crops  every 
year. 

According  to  my  own  observation  on  the  scarlet  runner  bean  these 
BoduloB  are  iu<jre  plentiful  ui>on  fho  roots  wliich  grow  superficially 
than  upon  those  which  run  deeply. 

SyrabJosis  is  observable  in  many  plants  other  than  IcgijminosfB, 
and  it  is  certain  that  many  of  our  big  forest  trees  depend  for  their 
nourishment  npon  fungi  which  grow  upon  their  roots. 

Dy  the  kindness  of  my  colleague,  Professor  P.  \V.  Oliver,  I  am 
able  to  show  you  ujion  the  screen  tho  so-called  Mycorhiza  as  it  grows 
upon  tho  rootlets  of  the  beech. 

In  the  upper  left-hand  comer  is  a  portion  of  mot  showing  its 
characteristic  fungoid  covering  (natural  size).  To  tho  right  is  a  por- 
tion enlarged — the  thinner  strands  behind,  being  parts  of  the  fungus 
in  the  soil  without  an  axis  of  root.  Below  is  a  root  apex  with  fungal 
sheath  enlarged. 

The  next  slide  is  from  a  drawing,  by  Professor  Oliver,  of  Sfircodeg 
Sanguinea,  the  Califomian  snow  plant,  a  remarkable  saprophyte  which 
is  doBtitute  of  chlorophyll. 

The  drawing  shows  the  fungal  sheath,  and,  to  the  right,  the 
epiderroia  and  one  cortical  layer  of  tho  root.     The  black  scales  in  the 
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sbeatli  are  deful  colls  in  the  root  cap  which  remain  held  in  the  fungal 
matrix. 

All  animab  appear  to  be  STmbiotic,  for  we  all  carry  about  millions 
of  microbes  which  most  fairly  bo  regarded  as  junior  purtners  in  our 
eoonomy,  and  which  we  cannot  do  without.  The  microbo  which  has 
Iwen  chiefly  studied — the  Bacterium  Coli  commune — appears  to  be 
CMential  for  certain  digestive  pruceeses  which  go  on  in  the  intestines 
while  we  live ;  and  when  we  die  this  microbe  is  activo  in  starting  the 
dead  body  upon  that  cycle  of  events  which  ia  one  form  of  the  "  Circu- 
lation of  Organic  Matter." 

Now  it  is  certain  that  the  dung  of  all  animals  swarma  with  bacteria 
and  allied  organisms  whon  it  leaves  thi>  iutcstiuos,  and  it  seems  highly 
probable  that  excrement  carries  with  it  the  biological  machinery  which 
i»  neoesaary  for  its  dissolution  and  ultimate  humi  Station. 

Jly  friend,  Mr.  George  Murray,  the  keejior  of  the  Botanical  De- 
partment of  the  British  Museum,  whose  learning  in  fungology  is  well 
knuwn,  has  kindly  furnished  me  with  an  elahorate  list  of  139  genera 
of  fungi  which  flouiish  on  excrement. 

Of  these  139  genera  Mr.  Murray  has  tabulated  no  less  than  C28 
■pecios  wiiich  are  known  to  flourish  on  excreiuout. 

Of  the  628  species  226  have  been  found  on  the  dung  of  more  than 
O&o  gonns  of  aaimals,  but  no  less  tbnxt  402  species  of  fungi  are 
peculiar  to  the  oscromeut  of  only  one  genus  of  animals. 

Of  tliese  402  species  of  fungi  91  are  peculiar  to  the  dung  of  the 
ox ;  78  to  the  horse ;  68  to  the  hiire  and  rabbit ;  30  to  the  dog ;  25 
to  the  ahoop;  28  to  birds :  21  to  man  ;  16  to  the  mouse ;  9  to  the  deer; 
7  to  the  pig ;  7  to  the  wolf,  and  22  to  other  animals. 

This  marvellous  list  is  on  the  table  for  the  inspection  of  those 
who  are  loame<l  in  such  matters. 

This  seitrcb  for  fungi  in  excrement  is  necessarily  incomplete.  In 
Mr.  Murray's  list  it  is  evident  that  the  greatest  number  of  spcciea 
kkre  beoa  found  in  tlie  dung  of  uuimuls  wliich  are  domesticated  and 
ernnmon,  and  which  ofier  facilities  to  the  fuugologist.  The  numbera 
are  startling,  but  when  we  consider  that  the  dung  of  every  living  thing 
which  crawls  or  burrows,  or  swims  or  flics,  has  properties  which  are 
pocoliar  to  it,  and  which  fit  it  to  become  the  nidus  of  i^omo  peculiar 
fnuguid  or  bacterial  growth,  the  part  played  by  fungi  in  the  distri- 
batum  and  circulation  of  organic  matter  cannot  bo  over-estimated. 

The  facts  which  have  been  rocoonted,  and  which  seem  to  show  that 
fugi  and  bacteria  are  necessary  for  the  growth  and  development  of 
even  the  highest  plants  and  animals,  and  that  fungi  and  animals  are 
Mjually  neoeasary  for  the  dissolution  of  organic  matter,  seem  to  point 
to  tho  oonclnaion  that  the  correlation  of  tho  biological  forces  in  thia 
world  is  no  loan  exact  tlion  the  correlation  of  the  p]iysical  forces.  The 
onifuflD  ooinpositiou  of  the  atmosphere,  except  under  special  and 
lljialmiilitinnt  ia  a  fact  which  points  in  the  same  direction. 
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^M              While  it  is  impossible  to  over-estimato  the  debt  which  agricultore 
^^^H   owes  to  chemistry,  wo  have,  uevertholosB,  learnt  from  the  bacterio- 
^^^H  legist  that  there  aro  biological  problems  uuderljiiig  the  question  of 
^^^   fertility,  and  that  a  mere  chemical  oEtimation  of  the  constitnents  of 
^H         organic  manure  is  inBoffioient,  by  itself,  to  fix  its  manurial  valne. 
^H         It  is  by  the  agoDcy  of  bacteria  that  organic  matter  is  changed  intn 
^H         nitrates  and  other  soluble  salts,  which  are  absorbed  by  the  roots  of 
^1        plants  and  serve  to  nourish  them.     This  change  onty  takes  place     H 
^H        prorided  the  temporatoro  and  moisture  are  suitable  and  the  ground     ^M 
^F         be  properly  tilled^     Drought  and  frost  arrest  the  change,  and  exooss          ' 
H          of  moisture,  by  closing  the  pores  of  the  soil,  does  the  same  thing. 
H                Organic  manures  are  oconomical  in  tho  long  run,  because  if  the 
^B          weather  is  adverse  thty  bide  their  time  until  the  advent  of  '*  fine, 
^B         growing  weather."     If  one  season  prove  unfavourable  a  large  amount 
^1         of  tho  organic  matter  remains  in  the  soil  to  nourish  tho  next  croj). 
^H         This  is  not  the  case  when  soluble  chemical  mauurc-g  are  used. 
^P               That  it  is  necessary  to  put  dung  upon  the  ground  if  wo  are  to 
H          maintain  tho  fertility  of  tho  soil,  has  been  the  exi>erienco  of  all 
^ft         peoples  in  every  age. 

^B               I  will  now  display  a  diagram  which  represents  by  a  curve  the 
^^^H                                                          yearly  produco  of  barley  in  bushels 
^^^H                    mnu n^MS                     P'^'  <^ro,  grown  continuously  on  iho 
^^^^                          "'J""                         same  plots  of  ground  fur  forty  years, 
^M         '^*          -       ^          '          ^  but  with  this  difi'erouco.  that  one  i>lot 
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Taking  the  average  of  the  forty  years,  it  will  be  found  that  the  pro- 
duoo  uf  the  mannred  land  averaged  49  bushels  per  acre  per  aunum, 
while  tlic  unmauurcd  land  gave  only  16^  bushels. 

I  might  have  ndiled  to  the  diagram  a  third  curve  showing  the  pro- 
dacu  of  that  plot  of  ground  which,  of  all  those  manured  with  artificials, 
gavo  tbo  highest  yield.  The  yield  of  this  plot  for  tbo  whole  forty  years 
averaged  16  bushels,  or  only  3  bushels  short  of  the  average  yield  of 
the  plot  treated  with  furuiyurd  mauure.  If,  however,  we  take  the 
average  yield  of  the  three  plots  for  each  of  the  four  decades  coupris- 
ing  the  forty  years,  the  value  of  the  organic  uiattor  becomes  very 
ounifest.     'ilius  the  yield  for  each  decade  was  with 
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It  will  be  observed  that  the  yield  from  artificial  manuring  only 
eieeaded  the  yield  from  the  farmyard  plot  in  the  first  decade,  when  it 
■]u>wcd  AO  excess  of  3*8  bushels.  In  the  other  tliree  decades  it  was 
dcfieioDi  by  2-1,  7-2,  aud  10- 1  bushels. 

Tbe  d^cieuey  of  thu  numanured  plot  in  each  decaile,  as  compared 
with  the  farmyard  plot,  was  22-7,  34  0,  37-3,  aud  3'J-O. 

These  figures  are  very  convincing,  and,  as  practical  agricuUuraliKta 
Kom  to  be  now  agreed  that  farming  is  hopelesx  without  au  adequate 
aaoait  of  live-stock  to  furnish  dung,  no  more  need  be  said  ui»ni  this 
liMd. 

Bat  is  there  no  danger  in  using  organio  refuse,  which  may  bo 
tnfectivo  aud  dangerous,  as  an  application  to  the  land  ?  To  this  I 
■henld  say  emphatically  "  No,"  provided  it  bo  put  in  the  upj>er  layers 
of  tbe  soil,  and  the  soil  be  tilled.  Our  organic  refuse,  when  allutred  to 
putrefy  in  water,  aud  to  trickle  uiuhr  jiresKure  to  our  wells,  or  run 
direct  into  our  sources  of  drinking  water,  has  turned  millions  of 
pnnuds  into  the  jKickets  of  uicmbers  of  my  profession,  but  wbcu 
rationally  used  as  a  top  dressing  for  the  well-tilled  soii,  it  has  never, 
that  I  am  awaro  of,  pruduced  any  harm. 

I  liavo  tiio<l  to  iuvoutigato  this  niultor.  Some  five  years  ago  I 
constructed  a  well  five  feet  deep  in  tbo  middle  of  a  garden  which  is 
plentifully  manured  with  all  that  is  most  loatiit^ome  to  <mr  sc-nscM. 
Thi*  well  is  lined  to  the  very  1>ottom  with  coucreto  pipes,  further 
protected  by  an  external  coating  of  coucreto  ;  tbe  junelious  of  the 
pipes  are  aocuroly  closed  by  cement,  and  tliere  is  a  gooil  parapet  aud 
«ffit7ioiit  cover. 

litis  well  is  shown  in  plan  and  section  in  the  diagram,  whioh  I 
will  throw  u]>on  the  screen  (Figs.  '2  aud  3). 

Now  no  water  cuu  jxjssibly  cuter  the  well,  except  through  the 
bottom.  The  water  in  it  is  clear  ami  bright,  and  since  its  coustruu- 
lion  no  mud  bxu*  collected  on  tlio  bottom.  The  sides  of  the  pipes 
also  rexuaiu  akaulutely  clean,  so  much  so  that  when,  lost  summer,  I 
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showed  this  well  to  a  party  of  scientific  friends,  some  of  them  dropped 
a  hint  that  it  had  possibly  been  scrubbed  in  honour  of  their  vinit 
This,  however,  was  not  the  case. 

The  water  from  this  well  has  been  examined  three  times  chemi- 
cally, with  the  result  that  it  has  been  pronounced  free  from  organic 
impurities,  and  three  bacteriological  examinations  have  been  tnado 

with  the  result  of  showing  a  bacterial 
purity,  which  is  quite  exceptional. 
The  last  examination  was  niatio  by 
Dr.  Cartwright  Wood  in  November, 
1895,  and  showed  a  very  high  degree 
of  bacterial  purity.  The  water  was 
specially  examined  by  Dr.  Wood  for 
the  presence  of  Baclenum  Colt  com- 
mune, but  with  negative  resolts. 
Dr.  Wocd  writes :  '*  The  resulta  are 
excccnliugly  satisfactory,  and  I  must 
admit  surprised  me  very  much."  A 
surface-well  on  this  pattern  has 
lat<ily  been  coustructed  in  a  neigh- 
bouring village,  and  the  resijlts,  as 
far  as  the  api>earance  of  the  well 
and  water  are  oouoerued,  seem  to  ho 
entirely  satisfactory. 


Fig.  2. 

I'lun  of  well,  sliowiog  iU  relation 
to  patba  aiid  lio<l^e. 


Pio.  S. 

Section  of  well,  ghowing  concrete 
lining  and  pocition  of  pump. 


ii  I 

. — fl!  H      J — 1      W  When  people  live  crowded  to- 

■■■i^B^^L^B^BB^     gother  iu  cities,  the  dif&culties  cou- 
^V|m^^^B^^H|||B^        nected    with    the    cleaning    of    the 
ff^^B^^^P^^  houses  is  very  great.     After  the  in- 

^HWH^^  ventiou  of  the  steum-eugiuo  it  was 

found  possible  to  supply  oven  the 
top  floors  of  the  highest  houses  with 
an  ample  supply  of  water.  Wo  oc- 
eordingty  abolished  the  scavenger, 
and  adopted  a  complete  system  of  water-carried  sewage,  la  this  way 
our  houses  have  been  cloansod,  and  our  rivers  and  surfuce-wella  have 
been  fouled,  and  it  is  diflicult  to  say  whether  at  proseut  there  bo  a 
balance  of  aUvnntaKO  or  disadvantage.  Wo  have  had  epidomics  of 
cholera  and  of  ty})hoid,  and  it  is  almost  certain  that  there  is  no 
one  hero  present  but  has  suffered  in  some  way  or  another  from  the 
"di-ains." 

The  greatest  drawback  of  thb  system  is  the  fact  that  it 
encourages  overcrowding  of  houses  on  inadequate  areas,  and,  un- 
fortunately, it  is  this  fact  which  has  rendered  the  system  so  p>pnlar. 
With  water  under  pressure  there  is  no  need  to  provide  houses  with 
any  back-<loor  or  back-yard,  and  there  is  no  incouvouiouce  in  having 
excessively  high  buililiugn.  The  sja'culativo  builder,  who  has  been 
relieved  of  all  responsibilities  iu  uonneetion  with  sewage  and  water 
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oq^^,  kas  abokdnitly  and  kis  oppoitauties,  aad  dw  kappj  groond- 
kaiiliad  hM  mM  bis  knd  •*  kigs  priees  per  afwc  CdoC  We  ue 
■hyUJBg  ovt  tiie  light  and  air  Bore  aiod  mote  from  oar  dticB,  and  the 
ciuiwdiug  in  ti>e  rtreetK  i»  — king  loc'<wiii<iwi  in  th^  difcalt  This 
otetcrowding  is  s  sciiui  matter,  and  I  will  Aam  yon  what  it  means 
inLondcn  ty  throwing  on  the  screen  a  table  and diaginniiaatie|Jsn<rf 
tiie  sanitary  areas  of  Londoo,  with  the  mortality  figiireB  in  the  yean 
189i  and  1893.  as  cakolatBd  by  Mr.  Shirley  Mmpl^  aftv  doe 
eoneetian  Cor  abnormalities  of  age  aad  sex  dinlriliiition  (see  the 
peeeding  page> 

This  table  aad  plan  shows  at  a  ^aaee  that  &e  mortality  of 
Loadon  as  a  whole  (taken  as  1000)  is  fooiteeB  or  fifteen  per  eoit. 
hosier  than  that  of  En^bnd  acd  Wales,  and  Aat,  while  some  of  the 
ontlyii^  districts,  soch  as  Hampstead,  Lewisham,  aad  Plnnwtpad, 
lave  a  mortality  bdow  that  of  Kngland  aad  Wales,  the  areas  near 
As  centre  of  London  are  all  enaridersMy  abore  it ;  aad  some, 
sadi  as  dn  Strand,  Holbom,  St.  George's-in-the-^st,  aad  White- 
diapel,  haTe  a  mortality  as  high  as  that  of  the  wont  maaofiictaring 
towits. 

The  danger  of  orercrowding  is  well  ebown  by  the  ex^oeiTe 
onlburst  of  small-pox  in  Maiylebone  in  1834. 

I  will  throw  npon  the  screen  a  photogm{di  of  part  of  die  Asyloms 
Board  Map  in  which  each  case  of  notified  small-pox  is  sbown  by  a 
black  dot  (Fig.  4t').  This  map  shows  that  the  oothreak  was  limited 
to  two  spots,  one  in  Portland  Town  and  one  roond  Nightingale 
Street,  Edgwaie  Boad,  where  the  doisitf  of  popolation,  acooiding  to 
Mr.  Oiarles  Booth,  is  over  300  penons  to  the  acre. 

The  other  maps  show  that,  wlmeas  the  air-bome  cootagimn, 
diphtheria,  was  confined  more  or  lees  to  the  crowded  districts,  en- 
teric foTer,  which  is  a  water-b(»ne  ocwtsgiam,  was  evenlr  spread 
over  the  whole  parish.  It  need  hardly  be  said  that  the  enforcement 
of  TaodnatitMi,  notififation,  and  isolation,  are  important  in  pnjportion 
to  the  density  of  popnlstinn  The  working  of  Uie  ssnitaiy  laws  is  a 
great  expense  to  the  ratepayers.  I  find  it  stated,  fur  instaoce,  in  the 
report  <^  the  Asyloms  Board,  that  for  the  removal  of  the  260 
small-pox  patients  from  Marylebone,  the  ambolsnces  ti»Telled  nearly 
twenty  miles  fix  each  patient,  and  coUectively  52D0  miles,  or  about 
the  difitawft  from  here  to  Biunbtj.  Orercrowding  is  not  cheap,  and 
I  find,  bj  a  reference  to  the  report  of  St.  Marylebone,  that  whereas, 
in  1871,  that  parish,  of  about  1500  acres,  and  with  a  diminishipg 
population,  ooiild  be  **  run  "  for  about  66C/.  a  day,  it  now  costs  about 
llUO^  per  day.  It  is  right  to  add  that  the  parish  has  no  control  over 
a  great  part  of  the  expenditure,  but,  neverthelegs,  4-10/.  per  diem  is  a 
fur  sum  to  place  upon  the  shrine  of  progressive  municipalism. 

If  infections  disease  occnn  in  our  houses  we  have  only  to  notify, 
and  the  parish  does  the  resL  We  have  put  a  premium  on  fever,  and 
the  lucky  man  whose  house  is  visited  bv  a  mild  scarlatina  is  rewarded 
by  having  his  family  maintained  for  six  weeks  at  the  public  expense 
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bead  per  diem  in  tlio  matter  of  water  have  gradually  increased  to 
Bometbiug  liko  forty  gallons,  which  many  experts  consider  to  be  none 
too  mucb.  In  Loudon  the  air  is  bo  foul  that  rain-water  is  valueless 
for  doiat'Stic  use,  and  the  water  of  the  surface  wells  is  too  poisonous 
to  drink,  because  we  have  neglected  what  I  believe  to  be  the  most 
iiuportaut  of  the  principles  of  (Sanitation,  vix.  the  keeping  of  organic 
refuse,  whether  solid  or  liquid,  on  the  siufacc.  The  bumus  is  the 
most  perfect  purifier  and  the  best  of  filters,  in  virtue  of  its  physical 
conditions  and  the  life  that  is  in  it.  We  deliberately  take  our  tilth 
to  the  under  side  of  the  filter,  and  then  complain  because  our  surface 
wells  are  foul.  The  Water  Companies  are  masters  of  the  situation. 
Water  is  not  paid  for,  as  a  rule,  in  proportion  to  the  quantity  used, 
because  Parliament  in  its  wisdom  has  decided  that  thriftiuess  in  the 
use  of  water  is  wicked.  The  grossly  overburdened  rutcpiiyer  is  now 
pricking  up  his  ears  to  listen  to  the  prattlo  about  Welsh  water 
Bchemes  at  a  cost  of  38,000, UOO/.,  and  is  congratulating  himself  that 
he  is  only  a  leaseholder,  and  that  his  bondage  is  terminable  in  seven, 
fourteen  or  tweuty-ono  years  at  most.  Water  carriage,  in  which  tho 
carrier  is  some  sixty  times  more  heavy  and  twenty  times  more  bulky 
than  tho  thing  to  be  cai-ried,  is  ecouoiuic«»Ily  ridiculous  (except  in 
places  where  nature  has  provided  enormous  quantities  of  water),  and 
involves  every  lAaco  where  it  is  tried  in  ruiuous  debt.  Let  us  toko 
an  illnstratton. 

A  BuLxirban  district  having  27,000  persons  on  7000  acres  of  laud, 
or  a  population  of  loss  than  four  to  the  aero,  mainly  engaged  in  market 
gardening,  Las  in  tho  last  ton  years  borrowed  lOGjliS/.  for  sewerago 
works.  The  only  visible  result  to  the  inhahitants  is  that  oven  coun- 
try roads,  with  houses  at  ^-railo  or  ^mile  intervals,  have  been  dotted 
with  foul  amelling  manholes. 

lu  1894-5  the  sum  of  18,534L  Hi.  Id.  was  raised  from  rates,  and 
of  this  there  was  spent  6518i.  13«.  lOd.  for  interest  and  repayment  of 
Bewurage  loans,  and  2oA2l.  3s,  Ihl.  for  cxirreut  expenses  in  cotinoction 
with  sewage.  If  to  this  bo  added  one-third  of  tho  establishment 
charges  (say  700i,),  we  reach  a  total  of  98G0i,,  or  more  than  half  tho 
sum  received  from  rates. 

The  provisiuu  and  maintenance  of  all  the  patent  domestic  gim- 
cracks  which  water  carriage  involves,  together  with  the  necessarily 
incrcAsed  bills  for  water  paid  by  the  householder,  would  probably 
double  that  sum,  and  we  shall  not  be  far  wrong  in  saying  that  these 
*27,000  persons  are  spending  20,000i.  a  year  for  the  purpose  of 
throwing  their  capital  into  the  Thames. 

This  doubling  of  rates  has  most  seriously  crippled  the  chief 
industry  of  the  district,  and  tho  market  gardeners  feel  severely  tlie 
heavy  extra  charges  which  they  are  called  upon  to  pay.  These 
gentlemen  by  putting  much  of  tho  offal  of  great  towns  to  its  proper 
use,  and  converting  it  iutt>  food  and  wages  for  the  poor,  arc  doing  a 
great  work,  but  they  are  in  a  fair  way  to  ho  ruined  by  tho  silly  rtck- 
lessuesB  of  our  local  governors. 
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On  Deoomber  3,  1895,  a  writer  in  TJui  Time*  pointed  out  that  in 
1895,  as  compared  witb  1890,  633,000  ocros  of  laud  were  either  out 
of  cnltivation  or  had  been  converUxi  to  "  permanent  pasture,"  a  term 
which  implies  a  minimnm  cnltivation.  Of  those  lamls  there  were  in 
Eoex  over  81,000  acres,  in  Kent  nearly  30,000,  in  Surrey  15,000,  in 
SoMex  29,000,  in  Berks  20,000,  in  Bucks  11,600,  Herts  7600,  Mid- 
dkeex  6500. 

It  is  a  noteworthy  fact  that  in  the  eight  connties  nearest  London 
which  provides  for  them  an  insatiable  mnrket,  nearly  150,000  acres 
of  land  should  have  glided  out  of  cultivation  in  the  last  five  years. 
It  is  impossible  not  to  believe  that  the  local  rates  in  places  iieur 
London  are  the  last  straw  upon  the  back  of  the  agriculturist,  who  is 
minonsly  taxed  in  order  that  his  laud  may  be  starved.  To  show 
what  suburban  agriculturists  have  to  bear  in  the  way  of  local  taxation 
I  will  quote  from  my  little  book,  'Essays  on  Rural  Hygiene,'*  a 
few  figures  showing  what  is  paid  by  a  gentleman  who  farms  200  acres 
of  land,  of  which  15  are  grass : — 

£     ».     d. 

Income  Tax  (at  6d.) 47     4     9 

Laud  Tax 24  16     8^ 

r^  Poor  ICate 123  0  5 
■  Burial  Kato  19  13  8 
■  District  Rate  83  I  11 
H  Tithe  (couaidorod  low) 15  11  4 
T 
and  : 
"Til 
1 


£313    8    9^ 


The  social  problems  of  the  present  day  arc  many  and  complicated, 
and  all  <rt  na  have  heard  of  "  Distressed  Agriculture,"  "  Pauperism," 
'  The  Aged  Poor,"  and  the  "  Unemployed." 

The  agricaltnrist,  who  is  being  burdensomely  taxed  in  order  that 
bis  land  umy  be  starved,  is  apparently  to  have  his  rates  paid  for  him 
nut  of  the  Imperial  Exchequer.  No  one  who  knows  the  straits  hu  is 
in  will  gruilge  him  this  relief.  But  the  paying  of  local  charges  out 
uf  ImiKirial  taxes  has  the  inevitable  result  of  making  our  *'  Local 
Boards"  more  and  more  extravagant,  because  thoy  have  the  spending 
without  the  trouble  of  raising  money. 

The  reform  most  needed  in  the  interest  of  the  agriculturists  and 
ofbcn  is  to  put  an  eflfectual  check  upon  the  extravagance  and  osteu- 
tatioil  of  Local  Boards  and  District  Councils,  and  ti>  see  that  they 
spend  no  more  money  in  any  one  year  than  they  can  raise  in  tbeir 
districts.  These  bodies  are  now  obliged  to  submit  their  accounts  to 
a  proper  andit  and  to  publish  them,  and  it  is  hoped  that  the  ratepayer 
will  sabjc-ct  thorn  to  close  eritidsm. 

Tho  policy  of  allowing  persons  who  are  elected  for  tliroe  years  to 
niae  luaos  and  plunge  a  district  into  debt  for  a  period  of  thirty  years 
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withont  ono  iota  of  personal  rospoiwibility  is  obvionsly  dnngerous. 
To  allow  reckless  borrowing  for  the  constraction  of  works  which  are 
a  source  of  expense  and  waste  and  never  of  profit,  would  be  called 
madncBs  in  private  life. 

Doubtless  a  seat  on  a  Conncil  which  borrows  money  ia  lots  of 
100,000/.  at  a  time  aSbrds  a  dclightfal  amusement  to  the  idle  man, 
the  hiisy-body,  the  fnddist,  the  philanthropist  with  a  mission  for 
fambling  in  other  pcrsous  pockets,  and  the  projihct  who  is  ever 
anxious  to  borrow  in  order  to  provide  for  the  future  of  which  he  is 
ignorant.  Your  prophet  is  the  most  dangerous  of  these  persons,  and 
instances  will  occur  to  tlie  minds  of  most  of  us  of  municipalities 
which  have  been  half  ruined  by  over  sanguine  poi-sons  endowed  with 
spocultttivo  miuda  and  persuasive  tongues.  The  risks  run  by  these 
persons  is  so  small,  bo  it  roraembored,  that  if  an  aggriovod  ratojiayer 
makes  thcra  defendnnts  in  an  action  they  enjoy  the  unique  privilege 
of  paying  part  of  their  costs  oiid  damages  out  of  the  succsessfnl 
plan  tiff's  p<icket8. 

Most  of  the  local  borrowing  in  this  country  has  been  for  works 
of  sewerage,  and  althoiigh  such  works  are  financially  ruinous  wo  are 
told  that  we  got  a  dividend  of  "  Health."  This,  however,  is  not  true, 
at  least  in  London,  and  noboily  could  expect  health  to  emerge 
from  a  system  of  which  putrefaction  and  overcrowding  arc  the  chief 
characteristics. 

The  ftppUcation  of  organic  matter  to  well-tilled  soil  loads  to 
pnaitivo  gain  and  definite  increase.  The  soil  is  the  only  permanent 
source  of  wealth  in  this  world.  And  wo  aro  all  of  ua  absolutely 
dependent  upon  it  for  existence  and  happiness.  Tiio  soil,  if  properly 
tilled,  provides  health  as  well  as  wealth,  and  bo  it  remembered  that 
in  proportion  to  its  productiveness  so  is  the  need  of  labour;  and 
further,  be  it  remembered  that  long  after  the  eye  is  too  dim  and  the 
hivnd  too  slow  to  keep  time  with  steam  machinery,  the  physical  powers 
arc  amply  sufficient  for  the  cultivation  of  the  laud. 

Many  of  our  pressing  social  problems  are  inextricably  linked 
with  our  duty  to  the  soil,  and  any  country  in  which  the  fertility  of 
tlie  soil  does  not  increase  cannot  be  rightly  regcrded  as  really  in  the 
van  of  civilisation  and  scientific  progress.  Wo  are  probably  the 
wealthiest  country  on  the  globe,  because  for  some  time  past  wo  have 
been  the  hub  of  the  entire  financial  world.  Our  success  in  one 
direction  is  no  excUflo  for  neglecting  the  moro  certain  sources  of 
wealth,  and  it  is  to  be  hoped  that  it  will  soon  be  regarded  as  evidence 
of  neglect  of  our  moral  obligations  to  allow  tho  land  to  drift  out  of 
cultivation. 

[G.  V.  P.] 
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ANNUAL    MEETING, 
Friday,  May  1,  1896. 

Sn  Javxs  Crioiiton'-Bbowne,  M.D.  T.L.D.  F.R.S.  Treasurer  and 
Vice-President,  in  the  Chair. 

The  Annual  Report  of  the  Committee  of  Visitors  for  the  year 
[2895,  toetifying  to  the  continned  pros()enty  and  efficient  management 
^  the  lustitntion,  was  read  and  adopted. 

Serenty-two  now  Members  wore  elected  in  1895. 

Sixty-three   Lectures  and  Nineteen   Evening   Dieconrsea  vero 
(Iclivorcd  in  1896. 

The  Books  and  Pamphlets  presented  in  1895  amnnnteil  to  nbont 
2^0  volnmes,  making,  with  594  vohimes  (including  Periodicals  bonnd) 
turchaacd  by  the  Managers,  a  total  of  854  volames  added  to  the 
library  in  tbe  year. 

Thanks  were  voted  to  the  President,  Treasurer,  and  the  Honorary 
hSeerelary,  to  the  Committees  of  Managers  and  Visitors,  and  to  the 
jfeeeors,  for  their  valuable  services  to  the  Institution  during  the 
year. 

The  folloiring  Gentlemen  wore  unanimously  elected  as  Officers 
for  the  ensuing  year : 

PaMfDisT— The  Duke  of  Northumberland,  K.(?.  D.C.L.  LL.D. 
Tbbasubkk — Sir  James  Crichton-Browno,  M.D,  LL.D,  F.R.S. 
8iaaBT.iBT — Sir     Frederick     Bramwell,     Bart.     D.C.L.    F.R.S. 
M.  Inst.  O.E. 


Managers. 

fck  Abfl,  B«rt,K.C.B.  D.C.L.  LL.D, 
TMJL 
i'Slr  B—toiln  B«kcr,  K.C.M.r,.  I.LD.  K.R.S. 
J«k«  tirSfcBMry.  E.«>.  C.B.  F.R..S.  M.  In.t.C.E. 
Tk>  Klckt  Hob.  Loni  HaUbary,  M.A.  D.C.L. 

tin  HawktUy,  Eiq.  M.  In«t.C.E. 
ioiikiivwn.  E*!.  M.A.  [>.S<;.  F.R.S. 
■  Mor.ltr,  tjq.  M.B.  F.R.8.  F.k.C.S. 
u..,'-.n.,  t»q,  D.O.L.  LL.D.  F.R.S. 
.r:  rrl  Kelvin.  D.C.L  LL.D.F.B.S. 

Alrrn  .Vj^.  M.A.  F.R.S. 

O«orj»  JUnLev,  EiMi.  K.K.S. 
I.a>l»ir  M«'..l.>.*.|.  t'h.D.  r.R.s. 
»ir  A           '         .  K.CB.  F.R.S.  M,  Tn»t.r.F.. 
Vm  I  irl  Pfrcv.  F.8.A. 

U>s\  W <.h,  Eri.  K  Fi.A  S    K.S.A 


Visitors. 

Gerrard  Ans<lell,  Esq.  F.C..S. 

Sir  James  Blyth,  Dart. 

Arthur  Qirpmasl,  Esq. 

Sir  William  .lames  Farrer,  M.A.  F.S.A. 

Carl  Haag.  fM\.  R.W„S. 

Sir  Francis  Uking,  M.D. 

Hujch  Leonnrd,  Eiii).  M.  lut.  C.E. 

Jninpi  Manii«rgh,  \'jm\.  M.  Inst.  C.E. 

Ijtchlan  Mackintosh  Fiate,  Esq,  M.A, 

Kolix  .Semon,  M.D.  F.R.C.P, 

HenrT  Virtue  Tebbs,  Esq. 

JohnlMUicThornycroft,  Ew],  F.R,S,  M,  lDst.CK. 

Thomas  Tyrer,  Esq.  F.C.S.  F.l.C. 

John  Wextlnkr.  Esq,  Q.C.  LLD, 

Jamni  VVim.shiirst,  Esq. 
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WEEKLY  EVENING  MEETING, 

Friday,  Mny  1,  1896. 

WiLUAM  Orookks,  Esq.  F.R.8.  Vice-ProBident,  in  tho  Chair. 

CoLONXL  H.  Watktn,  O.B.  TI.A.  M.B.I. 

Chronographs  and  their  Application  to  Gun  Ballistict. 

Thb  lecture  I  Imvo  had  the  honour  of  being  ankod  by  tho  Council  of 
thfs  InBtitutioTi  to  give  to-night,  is  on  a  auhjuot  in  whioh  I  hovo  taken 
great  interest  and  worked  at  for  tho  last  twouty-fire  years,  'i'here  in 
B,  fascination  in  boing  able  to  record  minute  portions  of  time  which 
our  senms  are  not  able  to  diBcriminate.  It  is  easy  to  talk  about 
the  millionth  of  a  second,  but  it  is  hard  to  realise  how  sraall  this  is. 
To  try  and  convey  some  idea  of  this,  anpposing  a  man  were  to  work 
eight  hours  every  day,  Simdaya  excoptod,  for  eluao  npon  seven  years, 
one-millionth  of  his  working  time  during  that  period  would  bo 
represented  by  one  minute.  The  inBtmment  which  I  hope  to  show 
you  at  work  this  evening  records  to  that  accuracy  when  working  at 
the  highest  speed.  The  objects  I  had  in  view  in  designing  tho  appa- 
ratus are  twofold.  First,  tho  measurement  of  the  velocity  of  a 
projectile  outside  the  gun,  or  exfemal  hallisttcs.  Secondly,  tho 
moasarcment  of  the  velocity  of  a  projectile  at  different  parts  of  the 
bore  of  a  gun,  or  iTiienial  ballifitics.  The  first  is  useful  for  comparing 
the  relative  power  of  different  gima,  merits  of  different  powders,  and 
for  determining  tho  resietance  of  the  air.  The  aecoud  fcir  ascertain- 
ing the  pressure  exerted  at  different  parts  of  the  bore  by  different 
natures  of  powder,  from  which  the  ehape  of  tho  gun  is  determined. 
I  dare  say  you  have  all  noticed  the  very  different  shapes  of  modern 
guns  from  those  of  a  few  years  ago.  This  difference  is  duo  to  tho  very 
different  behaviour  of  the  powder,  or  rather  propoUant,  now  empIoyed,J 
as  one  can  hardly  talk  of  cordite  as  powder. 

I  propose  this  evening  to  very  briefly  describe  some  of  the  older 
forms  of  chronographs,  and  more  minutely  describe  those  on  the  table, 
which  I  have  designed  for  experiments  in  ascertaining  tho  velocity  of 
a  shot  passing  through  the  bore  of  a  gun. 

The  subject  divides  itself  into  two  principal  parts : — ^ 

1.  The  apparatus  for  measuring  minute  portions  of  time. 

2.  The  appliances  for  utilising  theeo  iustrumeuta  for  ballistic  J 
purposes. 
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tTbo  first  I  will  further  subdivide  into  two  parts : — 
(a)  Instrameuts  depending  upon  the  action  of  gravity. 
(6)  Instromcnts  having  revolving  drums 
The  latter  into — 
(r)  Appliances  for  ascertaining  external  ballistics. 
(d)  Appliances  for  aeoertaining  internal  ballistics. 
The  lecturer  here  described,  with  the  aid  of  lantern  filides,  several 
instrnmente  which  bad  been  used  for  ballistic  work,  such  as  Navcz- 
Leor,  Boulenge,  «!tc. 

About  the  some  time  as  the  Boolongo  was  introduced,  I  dcsignod  the 
iiiBtroment  Bhown  in  Fig.  1.  In  this  a  weight  drops  freely  in  air, 
and  the  registration  does  not,  as  in  the  Bonlengo  chronograph, 
oonuneuoe  from  the  moment  of  its  liberation,  hut  during  its  fall,  thus 
avoiding  any  inaccuracy  of  residual  magnetism  in  the  electro-magnets, 
from  the  fact  that  registration  takes  place  during  the  fall.  When 
■mall  portions  of  time  have  to  be  measured,  the  oxporimouta  may  bo 
•o  arranged  that  the  weight  under  the  accolcraticg  force  of  gravity 
dudl  have  acquired  a  considerable  velocity  before  registration  com- 
menoe*.     Also  the  time  of  passing  several  screens  can  be  recorded. 

The  instrument  consists  essentially  of  two  upright  brass  cylinders 
revolving  on  pivots,  those  at  the  bottom  beiug  iixed,  while  the  two  at 
tba  t<)p  consist  of  screws  to  allow  of  the  cylinders  being  removed. 
The  cylinders  are  carefully  insulated  from  one  another,  and  connected 

I  with  two  binding  screws  on  the  base  board.  On  the  bed  of  the  instru- 
ment lire  two  levels  at  right  angles  to  oue  another,  by  which,  with  the 
aid  of  three  levelling  screws,  the  cylinders  may  bo  placed  truly 
Tcrtitxl.  Closfl  to  but  not  quite  touching  the  cylinders  are  scales 
divided  into  thousandths  of  a  second,  which  by  menus  of  a  peculiar 
veniic'r  sulxlividc  these  into  hundred-thousandths  of  a  second.  On  the 
top  is  nu  electro-magnet  which  serves  to  hold  up  the  weight  oqui- 
dt»t«ut  between  the  two  cylinders. 
The  weight  ha£  two  sharp  points  which  nearly,  but  not  quite,  touch 
Ifao  8urfac«i  of  the  cylinders. 

The  action  of  the  instrument  is  simply  this.     The  weight  being 

It«l4MMd  a  short  time  befoi-e  tbo  gun  is  Rrod,  descends  between  the 
ejlindon ;  the  shot  on  passing  through  the  first  screen  breaks  the 
coativoity  of  the  primary  wire  of  an  induction  coil,  thus  causing  an 
indoOBd  spark  to  pass  from  one  cylinder  to  the  other  through  tho  brass 
wire  of  the  weight.  As  the  cylinders  are  smoked,  a  minute  spot 
rBgintcrs  tho  exact  position  of  tho  weight  at  that  moment.  The 
wtdght  continuing  to  finll,  as  the  shot  passes  the  sueoud  seruen  (tho 
primary  ctirront  in  tho  meantime  having  been  re-established)  the  same 
remit  follows;  and  so  on  for  any  number  of  screens.  The  distances 
between  tho  spots,  as  read  off  from  the  velocity  scale,  give  tho  time 
of  tho  iihut  passing  the  various  screens. 

By  ut-auH  of  a  calculating  scale  tho  velocity  may  bo  determined 
fur  any  diHtaac«  between  the  screens.     For  a  second  experiment  tho 
Vol.  XV.     /No.  90.)  » 
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drums  are  sligbtly  revolved  bo  as  to  present  a  fresL  smoked  surface 
for  the  records,  aud  the  weight  again  Buspended,  and  so  on. 

The  instrnnieat  c^in  be  used  for  accui'ately  determining  the  speed 
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of  revolving  cjrliodiere ;  Also  to  demonstrate  the  accelerating  force  of 
gravity.  Tlins,  having  attached  the  sucondary  wires  of  a  coil  to  the 
binding  screw,  and  set  the  vibrating  spring  in  action,  a  stream  of 
Eparks  passes  through  the  suspended  weight,  the  rajiidity,  which  is  due 
to  the  note  given  out  by  the  vibrating  spring,  being  so  great  tliut  to 
the  eye  it  uppearu  as  one  continuous  stream  of  light.  But  if  the 
weight  be  now  dropped  the  sparks  appear  down  each  cylinder,  opening 
out  as  tlie  weight  descends.  Each  of  tliese  sparks  gives  its  record  on 
the  cylinders,  and  if  they  are  read  oif  by  uioaus  of  the  velocity  scale, 
yoa  will  see  that  they  are  equi-distant  as  regards  time  but  vary  as  to 
linear  distance.     Tbt'y  follow  the  well-known  law. 

An  interesting  experiment  is  simply  made  to  test  one's  personal 
equation,  and  to  show  the  comparatively  long  time  it  takes  for  a 
message  to  be  sent  from  the  bruin  to  the  fingers.  Thus,  if  I  press 
this  key,  which  breaks  the  primary  circuit,  the  moment  1  see  the  weight 
begin  to  fall,  the  in<lnced  spark  will  record  the  time  it  has  taken  to 
perform  this  operation. 

We  now  pass  on   to  instruments  having  revolving  dnims,  the 

oireumferential  speed  of  which  can  be  made  much  greater  than  the 

ping  weight,  or  plumb-bob,  of  the  iuKtrument  I  have  dcBcrihed, 

'..  Bashforth's  is  a  notable  example,  and  one  which  did  much  good 
work  in  experiments  for  asoertoiiiing  the  resistance  of  the  air  to 
projectiles.* 

After  many  years'  work,  designing  and  constructing  chronographs 
for  experimental  purposes,  I  devii>ed  the  instrument  shown  in  Fig.  2, 
and  the  system  of  plugs,  d:c.,  with  which  I  have  been  taking  the  travel 
of  shot  up  different  guns  during  the  last  two  or  three  years.  In  this 
a  large  drum,  made  as  light  as  possible  consistent  with  strength,  is 
carefully  mounted  between  coned  centres.  And  here  I  may  mention 
an  incident  for  the  benefit  of  others,  which  might  have  had  serious 
coosequencGS  to  myself.  In  the  smaller  and  lighter  instruments  I  had 
prcrioosly  employed,  I  had  hard  steel  bearings  working  into  hard  steel 
oeatres,  and  found  no  difficulty  with  them,  and  I  therefore  employed 
the  same  in  this  instrument.  But  one  day,  notwithstanding  careful 
lubrication,  the  two  metals  seized,  and  the  drum,  which  was  revolving 
at  a  high  speed,  was  quickly  brought  to  a  standstill  and  pulled  out  of 
hs  bearingK.  I  of  course  turned  off  the  current  at  the  linit  alarm,  but 
it  was  fortunate  for  me  that  the  support  held  the  drum.  I  now 
omploy  No.  7  phosphor  bronze,  and  all  works  smoothly  ;  at  the  same 
ttauB  I  do  not  neglect  lubrication.  This  drum  is  revolved  by  means 
of  a  motor,  and  this  I  consider  a  great  advantage  over  any  other 
mbtlMKi,  inasmuch  as  the  drum  can  be  driven  at  a  very  high  speed,  and 


pcrfc 
^^  oireu 

^     work 


*  Dtwvlption  was  here  given  of  Froferaor  Basbforth'*  cbronoi;raph  and  the 
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kept  for  some  time  running  nuiformlj.     With  geared  mecbanisni  this 
is  iiuposaiblo,  ovcu  tliongli  the  greatest  care  is  taken,  as  in  the  case  of 
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the  Noble  chronograph,  to  grind  the  ronghness  out  of  the  mechanism 
by  running  it  for  some  time. 

On  a  hinged  frame  of  ebonite  are  placed  a  row  of  forty  steel-pointed 

pins,  screwed  into  the  ebonite  so  as  to  allow  of  accurate  adjiistment. 

The  frame  is  brought  up  to  a  fixed  stop,  and  clamped  by  means  of 

two  cam  dutches.     Each  pin  is  carefully  adjusted,  to  be  at  a  uniformly 

small  distance  of  about  ^^  inch  from  the  surface  of  the  drum.     The 

ebooite  frame  is  capable  of  traversing  from  right  to  loft,  so  that  each 

.point  is  opposite  a  different  surface  of  the  drum,  for  the  conveuience 

■I  Staking  a  series   of  experiments  without   re-smoking   the   drum. 

Vheb  pin  is  connected  by  insulated  wires  with  a  binding  screw  on  the 

b«d-plate.     On  the  left  edge  of  the  drum  is  a  carefully  divided  circle, 

raiding  by  means  of  a  vernier  to  minutes  of  angle,  and  with  care  to 

Iialf  this  accuracy. 

Wires  mn  frt>m  the  secondary  poles  of  a  series  of  induction  coils 
lo  tbeae  binding  screws.  Thus  1  and  2  binding  screws  are  connected 
with  No.  1  coil,  3  and  4  to  No.  2  coil,  &c.  In  this  way  I  have  two 
raoorda  on  the  drum  for  each  primary  circuit.  The  primary  circuits 
of  tfa«  ooils  are  connected  with  plugs  (which  I  shall  presently  describe) 
•oreirtod  into  the  gun. 

Now  we  come  to  a  very  important  part  of  tho  instrument,  viz.  the 
means  of  timing  the  speed  of  tho  revolution  of  tho  drum.  In  my  first 
experiments,  years  ago,  I  employed  the  usual  method  so  much  in  vogue 
then  and  now,  viz,  tuning  forks.  A  tuning  fork,  as  yon  know,  vibrates 
BO  many  timee  a  second  according  to  its  note.  Thus,  for  instance,  the 
middle  C  corresponds  to  256  double  vibrations  in  a  socond.  To  employ 
these  a  small  stylus  is  fixed  to  the  toning  fork,  which  presses  liglitly 
on  Uie  drum  ;  as  the  drum  revolves  a  sinuous  line  is  formed  by 
ieratching  off  tho  smoked  surface.  I  fonud,  however,  by  careful  trials 
tbat  you  could  not  depend  on  these  records,  owiug  to  different  atmo- 
■pheric  conditions  and  tho  varying  surfaces  of  the  drum.  Nor  does 
this  eeom  nnreasouablo  when  wo  look  into  the  matter.  In  tho  first 
plaoB  the  vibrations  of  a  fork  are  aifcctcd  by  temporaturo  and  baro- 
nelno  pressure ;  those  are  moro  or  less  known  and  coiihl  be  allowed 
§at,  W«  might  also  correct  for  the  additional  weight  of  tho  slyluB, 
but  it  seems  to  me  more  diflioalt,  nay  impossible,  to  say  what  thu 
vibrations  are  under  tho  friction  of  the  stylus  on  the  surface  of  the 
dram  with  varying  thickness  of  carbon  deposit.  Moreover  tho 
tlO«ibl«  of  working  out  of  the  tuning  fork  records  is  considorahlo ; 
and  wi'  :  cumforential  speed  necessary  for  recording  milHouths 

of  a  •!• '  i.s  with  a  very  high  note  have  to  be  employed    A  fork 

gifing  Ihu  middle  C,  before  mentioned,  would  be  UHelcss  for  this 
|Wlj*uac.  but  the  hir;hcr  tho  rate  of  vibration  the  greater  would  bo  the 
reiarding  effect  of  tho  stylus  recording  the  vibrations. 

The  stop  watch  arrangcmeat  employo<l  by  Sir  Andrew  Noble  is 
set  appliotble  to  this  instrument,  nor  is  it,  I  think,  a  very  accurate 
method  of  timing. 

I  haTC,  after  many  fuilures,  worked  out  u  method  which  oxpericnoo 
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shows  is  very  roliable.  In  this  I  depend  on  &  very  constant  quantity, 
viz.  gravity.  A  weight  is  dropped  from  a  given  height,  and  in  its  fall 
breaks  two  screens  one  after  the  other.  Knowing  the  ilistanco  the 
weight  has  to  fall  to  the  first  screen,  and  the  distance  between  the 
screens,  it  is  easy  to  calculate  the  time  it  Las  taken  for  the  weight  to 
pass  from  the  one  screen  to  the  other. 

The  screen  is  made  thus — see  Fig.  3.  A  piece  of  hardened  watch 
spring  A  B,  is  pivoted  in  a  braes  frame  B  C,  nnd  capable  of  being 
held  up  and  pressed  very  lightly  against  the  sapport  D,  so  that  two 
pieces  of  jjlatinum,  one  nn  the  sjiring  and  one  on  the  support,  are 
kept  in  contact.  The  fall  of  the  weight  E  breaks  the  contact.  An 
exactly  similar  arrangement.  A'  13'  C  D'  is  placed  about  3  "77 
inches  below  the  top  sjiring.  Each  screen  is  connected  to  the 
primary  wire  of  an  indnction  coil,  the  secondary  being  led  to  the 
recording  points  opposite  the  dram  of  the  chronograph.  It  follows, 
then,  that  the  moment  the  weight  touches  the 
fir»<t  screen,  a  spark  passes  on  the  drum  from 
the  steel  pninta.  The  drum  goes  on  re- 
volving, and  the  weight  continues  to  fall  nntil 
the  second  screen  is  reached,  when  ngain  a 
spark  pusses.  The  distauco  between  the  two 
spots  measured  on  th<j  graduated  circle,  and  the 
known  time  taken  by  the  weight  to  i)as8  the 
screens,  gives  the  sjvecd  of  the  drum.  The  time 
taken  for  the  weight  to  fall  below  the  screens 
was  "018948  second.  As  the  result  of  atrial 
before  a  committee,  in  which  the  record  of  two 
weights  was  made  on  a  rapidly  revolving  cy- 
linder, the  variation  did  not  exceed  0-16  per 
cent.  To  test  whether  the  weights  were  appre- 
ciably retarded  by  breaking  the  screens,  a  third 
screen  was  inserted  between  the  weight  and  the 
first  screen,  and  it  was  found  that  there  was  no 
appreciable  retardation.  As  a  jjrecaution  I  al- 
ways employ  two  drop  weights  with  entirely 
independent  circuits,  so  as  to  avoid  the  chance 
of  an  ex[>eriment  being  wast-ed,  from  the  pos- 
sible failure  of  one  of  the  screens  not  acting 
through  a  bad  contact;  but  I  nearly  always 
obtain  the  double  record. 
The  next  difficulty  I  encountered  in  my  expejimenta  was  the 
means  of  reading  the  record  nf  the  sparks.  Jiome  days  we  might  get 
nice  small  records  by  carefully  ndjusting  the  strougth  of  the  current. 
Another  day  tlie  records  would  be  nmch  too  large  for  any  accuracy. 
I  tried  every  conceivable  method  of  smoking,  from  the  carbon  de- 
posited by  gas  flame,  lo  that  deposited  by  various  kinds  of  oils,  and 
also  that  of  baniing  catniihdr,  but  could  not  bo  certain  of  my  records 
being  readable.     I  may  here  mention  that  for  accurate  experiments, 
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(porering  the  dnun  with  paper  is  out  of  the  question  ;  for  the  spark, 
tiking  the  lino  of  le.tet  rcBistance,  £;oe8  through  the  thinnest  part  of 
the  paper,  which  may  or  may  not  ho  directly  opposite  the  points  at 
the  moment  the  spark  occurs.  When  extreme  accuracy  ia  not 
reqaired,  paper  may  coDTenicntly  he  employed,  as  the  paper,  on  being 
remoiTed  and  vamished  on  the  back,  mny  be  kept  as  a  record  of  the 
experiment  for  fntore  reference  and  roeasurcmcut. 

The  diflBcnIty  of  obtaining  a  uniformly  smoked  surface  giving  a 
minute  centre  for  exact  reading  has  been  overcome  by  the  following 
simple  means.  A  small  lump  of  paraffin  wax  about  the  size  of  the 
tip  of  one's  littlo  finger  is  dissolved  in  half  a  pint  of  benzole  ;  a  rag 
■•tnrated  with  this  solution  is  rubbed  over  tho  drum.  The  drum  ia 
■muked  with  a  largo  Sat  wick  saturated  with  a  moieturoof  equal  parts 
of  piumffin  oil  and  rape  seed  oil.  The  nature  of  tho  records  obtained 
can  bo  varied  at  will,  according  to  the  amount  of  wax  disf^olvod  iu 
the  benzole,  but  all  have  a  distinctly  delined  minute  centre,  which 
can  bo  read  to  the  greatest  nicety.  The  method  adopted  of  reading 
the  records,  ia  to  stretch  a  fine  hair  in  tho  centre  of  a  brass  frame, 
fitting  with  steady  pins  tho  supports  of  the  drum  centre.  The  hair 
i»  So  arrangetl  sm  only  jnst  to  clear  the  surfaco  of  the  drum.  A 
magnifying  glass  enables  one  to  bring  the  record  marks  exactly  under 
the  stretched  liair. 

We  now  come  to  the  application  of  these  instruments  for  measur- 
ing gnu  ballisttM.  For  external  bAllistics  the  usual  screen  is  a 
■eries  of  copper  wires  stretched  across  a  wood  frame.  The  cutting  of 
tliia  wire  breaks  the  circuit  and  givra  the  record.  There  is  no  doubt 
Ihat  the  cutting  of  a  wiro  in  this  manner  is  not  perfectly  accurate, 
and  to  a  slight  extent  would  vary  with  tho  size  of  the  screen ;  but 
for  ordinary  work  of  getting  the  niuztlo  velocity  of  a  shot,  when 
the  Bcroens  are  placed  120  feet  or  more  apart,  it  is  sufficiently  good. 
Banhforth  employed  a  different  form  of  screen,  as  ho  required  the 
cin-uit  to  bo  remade  immediately  the  shot  had  passed  through.  In 
this  a  spring,  whose  play  was  limited  by  a  hole  in  a  copper  plate,  was 
held  down  to  the  lower  surface  of  the  hole  by  a  weighted  thread. 
As  the  thread  was  cut  the  spring,  rising  to  the  top  of  the  hole,  broke 
the  circuit  and  remade  it.  In  this  motliod,  as  I  have  experimentally 
proTcd,  the  breaking  of  the  circuit  is  not  very  exact,  but  near  enough 
when  the  screens  are  far  apart.  I  employed  a  sumowhut  suuihu- 
arrangement  with  my  drop-weight  chrouogniph,  only  using  broad  flat 
•phngs  t<j  avoid  the  rubbing  of  tho  Kpriug  against  the  side  of  the  hole, 
which  somotimt-s  occurred  in  tho  Bashforth  screens. 

For  internal  ballistics  whou  wo  have  to  mcnsurc  tho  passago  of  a 
•hot  over  plngn  placu<l  two  inches  apart,  the  utmost  accuracy  of  break 
ia  required.  Sir  A.  Noble  used  a  cutter  plug  which  severed  a  wire 
aa  the  shot  forced  up  an  iuolinod  plane.  Unless  the  shot  exactly  fits 
the  l«or«-,  which  of  course  with  the  onlinary  projejctilo  it  does  not, 
ctjQsidcTablu  errors  arise  from  tho  use  of  such  cutter  plugs,  as  wo 
uror  know  tbe  exact  position  of  tho  shut  when  the  wiro  is  actually 
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Beverod.  After  trying  several  metboda,  the  following,  vhich  bos 
proved  most  satisfactory,  was  worked  out.  A  soft  steel  wire,  Fig.  4, 
ABO,  bent  as  shown  in  this  diagram,  has  the  bent  portion  B  hardened 
at  two  points,  where  it  projects  from  the  plug  into  the  gun.  The 
wire  is  covered  with  india-rubber  tubing  to  insulate  it  from  the  ping, 
and  a  plug  of  asbestos  packing  D,  pressed  hard  by  a  screw  piston 
E,  prevents  any  escape  of  gas.  After  the  first 
experiment  we  found  the  compressed  air  in  front 
of  the  projectile  pressed  the  wire  away  from  the 
breech  and  altered  its  position  very  slightly; 
so  now  boxwood  ferrules  are  placed  over  the  vriro 
instead  of  the  rubber  tube,  for  a  short  distance 
from  the  bottom  of  the  plug.  The  holes  in  the 
gun  are  bored  spirally  round  the  gun,  so  as  not 
to  weaken  it  in  one  line.  The  gun  wo  have  been 
experimenting  with  is  really  a  7-inch  gun,  with 
a  bore  of  4' 7  inch  diameter,  and  60  calibres  long. 
The  great  length  gives  us  the  op}M)rtuiuty  of 
ascertaining  what  gain  in  muzzle  velocity  is 
obtained  by  additional  length.  Somo  of  the 
plugs  at  the  breech  end  where  the  rise  of  pres- 
sure is  very  rapid,  are  only  2  inches  apart,  the 
distance  increasing  towards  the  muzzle  where 
they  are  20  inches  apart.  Horo  the  pressure  is 
comparatively  small,  bat  the  velocity  of  the  shot 
is  very  groat. 

The  sketch,  Fig.  6,  shows  the  arrangement 
of  wires  from  the  different  ports  of  the  appa- 
ratus. Only  a  few  wires  are  showii  to  avoid 
confusion. 

Hero  tho  lecturer  showed  the  working  of  the  whole  apparatus, 
firing  a  pistol  to  break  a  series  of  screens  representing  tho  bore  of  a 
gun.  Hecords  wore  obtained  on  tho  drum  of  tho  breaking  of  the 
screens  by  tho  bullol,  and  the  epoed  of  the  drum  was  determined  by 
a  drop  weight,  similar  to  that  shown  at  Fig.  3. 

The  readings  obtained  on  tho  divided  circle  are  translated  into 
time,  and  j)loltod  on  a  very  largo  sealo  in  the  Royal  Gun  Factory, 
and  the  velocity  and  presKuro  curves  calculated.  Here  is  a  specimeu 
of  the  curve.  The  working  out  of  a  round  is  a  laborious  affair, 
taking  about  a  fortniglit. 

Now  it  may  bo  riglitly  asked — How  do  wo  know  that  tho  records 
on  the  driun  are  trnc?  Are  the  cutter  plugs  reliable,  and  tho  records 
given  by  the  induction  coil  accurate  ?  To  test  tho  question  of  the 
cutter  plugs,  two  plugs  wore  placed,  one  on  the  top  side  of  a  gun, 
and  one  on  the  bottom  side,  but  at  exactly  the  same  distances  from  tho 
muzzle.  Tho  circuits  for  these  were  entirely  distinct.  On  firing  tho 
gun  identical  records  were  obtained.  Now  as  regards  tho  rcconis  of 
the  sparks,  whotbor  they  vary,  and  how  long  after  tho  rupture  of  (he 
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primary  docs  the  sooondary  occur,  might  I  suppose  be  tested  by  means 
of  the  revolving  mirror — but  this  would  not  have  been  entirely  satis- 
factory, inasmnch  as  it  would  not  have  tested  the  actual  record  on  the 
drmn.  So  I  devi8e«l  the  following,  which,  though  apparently  very  simple, 
roqnireB  caro  to  get  good  resnlta.  On  the  rim  of  the  dram  I  insert  a 
piece  of  ivory.  Fitted  to  the  bed-plnte  is  a  hinged  piece  of  bran 
whose  far  end  presses  against  the  rim  of  the  drmn.  The  circuit  from 
the  primary  wire  of  an  induction  coil  runs  through  the  brass  piece 
and  the  drum,  except  when  it  is  interrupted  by  the  ivory.  A  sharp 
break  here  occurs,  which  leaves  its  record  on  the  drum  by  means  of 
the  steel  pins  and  secondary  current,  as  before  described.  If  the 
drum  is  revolved  slowly,  the  spark  will  give  the  true  position  at 
which  the  ivory  breaks  the  circuit.  If,  now,  there  is  any  retardation 
or  delay  in  the  record  of  the  spark,  it  will  be  shown  on  the  drum 
when  it  is  rotated  rapidly — the  record  lagging  behind  that  obtained 
by  the  slow  break.  Knowing  the  speed  of  the  drum,  the  time  of 
letaidation  can  be  obtained. 


Fio.  5. 


I  bavo  made  several  of  those  experiments.  On  the  table  are  some 
of  tho  records.  To  test  the  variability  of  the  records,  it  suffices  to 
more  tba  recording  points  aloug  the  drum  at  each  break,  when  tho 
neatia  sbonld  be  in  a  straight  line.  These  specimens  will  sliow  you 
hnw  Mcrnrato  they  are.  Great  core  must  be  exercised  to  turn  the 
rr'  My  true  and  smooth  ;  also  the  brass  piece  rubbing  against  it 

til  r^D  smoothed  up. 

The  measurement  of  tlicso  retardations  is  a  delicate  matter,  as  wo 
are  doaling  with  a  retardation  of  only  10  millionths  of  a  second. 
I   think   that  tho  improvomouts  I  have  carried  out  in  these  instru- 
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mentfi  uow  enable  us  to  obtaia  r«corclB  of  the  passage  of  a  Bhot  np 
the  bore  of  a  gua  to  an  aocaracy  cIoboI;  approaching  the  milliouth 

of  a  BGCODd. 

There  is  one  thing,  however,  we  have  failed  so  far  to  get,  and  that 
IB  tlie  velocity  of  a  shot  immediately  ontside  the  muzzle  of  the  gnn. 
There  is  no  doubt  that  for  a  short  apaco  uf  time  the  shot  is  accelerated, 
but  how  far  the  acceleration  eitends  is  not  known. 

To  try  and  obtain  this  we  had  a  strong  steel  bar  fastenod  to  the 
mnzzlo  and  projecting  some  10  feet  from  it.  In  this  were  screwed  the 
same  kind  of  plugs  as  those  I  have  already  describc^d,  only  that  the 
steel  wire  was  of  much  stouter  gauge.  The  experiment  was,  however, 
a  failure.  The  two  phigs  that  were  cut  just  before  the  tail  end  of 
the  shot  left  the  bore  wore  prtvperly  rocorJed,  but  the  moment  the 
shot  cleared  the  bore,  the  blast  rushing  past  the  shot  caused  irregular 
results. 

Three  years  ago  I  proposed  another  method,  which  is  just  about 
to  be  tried,  viz.  that  the  drum  of  the  chronograph  he  covered  with  a 
sensitive  jthotographic  film,  the  whole  apparatus  to  be  enclosed  in  a 
box  and  fitted  with  a  lens.  In  the  gun  is  a  shot  filled  with  magnesium 
composition  ;  this  is  ignited  olectrically  just  before  the  gun  is  fired. 
As  the  drum  with  the  film  will  be  in  nipid  revohitinn,  I  hope  to  get  a 
fitreak  of  light  impressed  on  the  film  by  the  magnesium  shot  as  it 
leaves  the  gun.  This  will  form  a  curve  which,  from  the  known 
speed  of  the  drum,  will  give  the  exact  speed  uf  the  shot  at  every  moment 
from  leaving  the  muzzle  to  a  distance  of  20  or  30  feet  in  front  of  the 
gun.  From  a  small  experiment  I  made  in  my  workshop  this  seems 
liopeful,*  as  I  obtniuod  a  streak  of  li<i\\\  across  a  photograpic  plate, 
from  a  magnesium  torLih  fired  from  a  pistol. 

A  useful  adaptation  of  tho  revolving  drum  is  to  ascertain  the 
velocity  of  rocoil  of  rifius  and  guns,  &c.  Across  the  drum  is  a  slide, 
which  runs  along  a  groove  and  presses  lightly  on  its  smoked  surface. 
Aa  the  slide  is  pulled  by  the  recoil,  the  diuni  at  the  same  time 
revolving  at  a  known  speed,  we  get  a  curva  which  gives  the  velocity 
of  the  recoil  at  every  moment. 

I  tried  in  this  way  to  get  the  curve  of  tho  first  start  of  a  shot  in 
the  12  pr.,  a  steel  wire  being  fastened  to  tho  shot,  and  led  through  tho 
breech  block  to  tho  chronograph  placed  ou  tho  carriage  immediately 
behind.  Tlie  result  was  a  failure,  as  tho  wire  broke  almost  immediately. 
This  possibly  might  have  been  got  over  by  thicker  wire  bod  the 
experiment  been  carried  on. 


•  Sinpc  tho  Icfituro  »onie  of  the  experimefits  Iibtb  taken  place,  and  ghow  thkt 
most  (lietiiict  rt  curda  can  be  obt:iiue<^l  in  tliiti  ysay.  The  Iwut  of  the  ehot  is  also 
shown,  oi  there  were  two  exits  in  the  shelL 
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GENERAL  MONTHLY  MEETING, 
Monday,  May  4,  1896. 

Sn  ihXMB  CBiOBTON-BaowMit,  M.D.  LL.D.   F.R.S.  Treasurer  and 
Vice-President,  in  tlie  Chair. 

Tbc    following    Vioe-Prosidents   for    the    enaaing    year   were 
announced ; — 

Sir  Frederick  Abel,  Bart.,  K.C.B.  D.C.L,  LL.D.  F.R.S. 

The  Right  Hon.  Lord  Kelvin,  D.C.L.  LL.D.  F.R.S. 

George  Mattbey.  Esq.  F.R.S. 

Lndwig  Mond,  Esq.  Ph.D.  F.R.«. 

The  Right  Hon.  Earl  Percy,  F.SA. 

Basil  Wocid  Smith,  Esq.  F.R.A  S.  F.S..\. 

Sir  James  Crirhtou-Browne,  M.D.  LL.D.  F.R.S.  Treaxurer. 

Sir  Frederick  Bramwell,  Bart.  D.C.L.  LL.D.  F.R.S.  Hon.  See. 


J.  H.  Bftdoock,  Esq.  M.R.C.8. 

F.  J.  Bennett,  Esq. 

Dugttld  Clerk,  Esq.  F.G.S. 

William  John  Gow,  M.D.  M.R.C.S. 

John  Cumeron  Graham,  Esq. 

Mrs.  EdwanI  Fatten  Jackson, 

Sir  John  Jackson,  FJl.S.E. 

Lady  Jackson, 

William  L.  Jordan,  Esq. 

J.  William  Mackean,  Esq.  F.C.S. 

Juhn  S.  Mackintosh,  Esq. 

Jul  ins  Moeller,  Esq. 

Thomas  Oliver,  M.D.  F.R.C.P. 

Sir  Frederick  Polhwk,  Bart.  M.A.  LL.D. 

Harry  F.  Pollock,  Esq.  M.P. 

Colonel  Sir  Charles  Euau-Smith,  K.C.B.  D.C.L. 

James  Swinburne,  Es*!-  M.Inst.C.E.  F.C.S. 

Arthar  J.  Waller,  Esq.  LL.B. 

Edward  Weldon,  Esq. 

deeted  Members  of  the  Royal  Institution. 

The  Right    Hon.  Lord    Rayloigh  was   re-eloctod    Professor  of 
Natonl  PbLloeophy  iu  the  Royal  Institution. 
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Tho  FBEaENTS  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  retorned  for  tho  same,  viz. : — 


The  Lords  of  the  Admiralty — Greenwich  Meteorological  R«duGtioQS.     Part  3, 

Temperattire,  1841-90.    4to.    1895. 
Aoeademia  dei  Lineei,  Jieale,  Roma — Clusse  di  Scienze  Fiaiche,  Matematiche  e 
Nftturali.    Atti,  SerioQainta:  Kendiconti.     1"  Semeatre,  Vol.  V.  Fu«c.  7. 
8to.     1896. 
Andcm,  E.  (jih«  Ju<Aor)— Indiutrial  ExploringB  in  and  aioond  London.     8toi 

1896. 
Asialie  SocUty  of  J5<fnj<ii— JounwJ,  Vol,  LXIV.  Port  1,  No,  3;  Part  2,  No.  3. 

8vo.     1895-96. 
Atiatie  Society,  Royal  -Joanml  for  April,  1896.    8vo. 

AitToiumical  Socitty,  fioytii— MoDthlv  NotiocB,  Vol.  LVL  No.  6.    8vo.     1896. 
BcmJtert,  hutitule  o/— Journal,  Vol.  X\I  I.  Part  4.    8m     1896. 
Birminghiim  Aalwrai  UUtory  and  Philoiophical  Socitty — Proceedings,  VoL  IX. 

Part  2.     8vo.     1895. 
Brilirh  Arehiteott,  Royal  Ingtitutt  of — Joomal,  3rd  6«rie«,  VoL  III.  No.  12.    4to. 

1896. 
Briligh  Atimnomii-al  Auoeiation — Memoirs,  Vol.  IV.  Part  3.     8vo.     1896. 

Journal,  Vol.  VI.  No.  6.     8to.     1896. 
Camera  Club — Journal  for  April,  1896.     Svo. 
Chemical  Society — Journal  for  April,  1896.    8to. 

Prooeedinga,  No.  163.    Svo.     1895-96. 
Craeovie,  Aeadimie  de*  Scimoet—BuUtstin,  1890,  Nos.  2,  3.    Svo. 
Dos,  SoeiM  de  Bofda—20'  Azmie  (1895),  3*  Trimentro.    8ro.     1895. 
Eatl  India  Ai$oei.ation — Journal  for  April,  189K.    8vo. 
£li(for»— American  Jounrul  of  Hcienco  for  April,  1896.    Svo. 

Analyst  for  April,  1696.     Svo. 

Anthony's  Photograpliic  Bulletin  for  April,  1896.    Svo, 

Athcnecum  for  April,  1896.    4Co. 

Bimotalliat  for  April,  1896. 

Brewers'  Journal  for  April,  1896.     Svo. 

Cbcmioal  News  for  April,  1896.    4to. 

Ghemist  and  Druggist  for  April,  1806.    Svo, 

Electrical  Eugiuecr  for  April,  1896,     fol. 

Electrical  EngiDceriii^  fur  April,  1896.    Svo. 

Electrical  Review  for  April,  1896.     Svo. 

Electric  Plimt  for  April,  1896,     4to. 

Electricity  for  April,  1896.     Svo. 

Engineer  for  April,  1896.     fol. 

Engineering;:  for  April,  1896.     fol. 

Engineering  Review  for  April.  1896.     Svo. 

HomcBopathlo  Review  for  April,  1896.    Svo. 

Horological  Jonnia.!  for  April,  1896.     8vu. 

Iiiduetries  and  Iron  for  April,  1896.    fol. 

Inwntiou  for  April,  1800. 

Irontnongory  for  April,  189tj.     4to. 

Law  Journal  for  April,  1896.     8vo. 

Lightning  for  April,  1896.     Svo. 

London  Technical  E[lu<^tion  Gazette  for  April,  1896.     Svo. 

Miiotiiuc-ry  Market  fur  April,  1896.    Svo. 

Monist  far  April,  1896.    Svo. 

Nature  for  April,  1896.    4to. 

Nuovo  Cimpnto  for  Fob.  1896.     Svo. 

Phdtogrupliic  News  for  April,  1896.    Svo. 

Science  tsiftingii  for  April,  1896. 

Bciontiflc  African  for  April,  1896.    Svo. 
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geota  Magazine  for  April,  1896.    8to. 
Teehoioai  World  for  April.  1H9C.    8to. 
TenMtn»l  Mnenotism  for  April,  1896. 
Tnwaport  for  April,  1896.    foL 
Tnipical  Agriculturist  for  April,  ISOC. 
WArk  for  April,  1896.     Sto. 


Sto. 


•  <T  April.  1836.     4to. 

/m-rrH.  IiittiUUiim  o/— Journal,  Vol.  XXV.  No.  121.     8to.     1896. 
'"'Ft,  Chiriiijo — Archionlogiciil  Studies  from  the  Ancient 
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n 

Fl  «>nnU  Citrate— YMXeiino,  Ho.  2M.    8*o.     1896. 

F<  -.Joiinial  for  April,  1896.     8vo. 

li<  :>i,Uoijiil — fl«i':raphioal  Journal  for  April,  1896.     Svo, 

//..(.«,«. /(.i«,(.  y'.«;.— Life  of  .Sir  Dttvid  Baird.     2  Tolg.    8to.     1832. 

Sketch  of  the  Ci»Ll  Engineering  of  North  America.     By  D.  SteTenson.     8vow 

1S3«. 
i/<>(m<j,  Ihitil,  B*q. — An  Epitome  of  the  Elementary  Principle!  of  Nataral  and 

Ex|)i-Mmonlal  Philrxtopby,  tugrcthor  with  nn  Account  of  the  Stcsam  Engine. 

(Lt«tur«<i  delivered   at  the  Royal  Institutiun.)    By  J.  MilliDgton.    8va 

IS23. 
A  •!         •  i,r  Botany.     By  R.  Bentley.    8vo.     1861. 
/f.  iHtf — Imperial  Institute  •lonrnal  for  April,  1896. 

Jul...-   ..,-..., u  L'nivertity — Univenity  Studieii,  Fourteenth  Series,  No.  ii.    8va 

Amcricftn  Cliomical  Jounml,  Vol.  XVUl  No.  4.     Svo.     1896. 
Ameri'vin  Journal  of  Philo|og>-.  Vol.  XVL  No.  4.     8vo.    189.5. 
JJn—an  S<ieirty—VmtHeilius».  Nov.  IM94  to  Jnne,  1895.     8vo.     1896. 
Madra*  Ltterary  Stieiety — Madras  Juurniil  uf  Literuturo  and  Science  for  1889-94. 

8ro.     IHJM, 
ManrKnUr  O«nlor,icnl  5oct<rfu— TransHctions,  Vol.  XXIV.  Piirts  5-7.    Svo.    189ft 
Manrhfttrr  lAUrnrij  nwl  Philotaphieal  Society — Hemoin  and  Proceodings,  Vol.  X. 

No.  2.     Svo.      1896. 
JEato,  Boeiedad  CimHfiM  ** Antonio  .ilza/o "— Memoriaa  ▼  Reviato,  Tome  IX. 

Noa.  U6.    Sva     1895-90. 
Ne»  York  Aeadrnn^  tf  SetewM—kvntXa,  Vol.  VIII.  Nob.  iV12.    8vo.     1895. 
NtHk  of  Kmatand  Imiitute  of  Mining  and  Medtanieal  £ngineer«— Transactions, 

Vol  XVV.  Part  a     8»o.     1896. 
Odtmloluaieal  Sueiely  of  Great  JJritain— Truunctions,  Vol.  XXVIU.  No.  5.     Svo. 

PariM.  Sof.l^tA  Fran^aite  de  i'^yitmuf^^BuUetin,  No.  77.    8ro.     1896. 

Phnrmitrmlirnl  litrirly  of  Great  lirilain — Journal  for  April,  1896.     Svo. 

n»lii4MUa  A<-wlrmy  i>f  NitluTalScimfe»--Vti>ct!eA\x\^\i!»h,VATiZ.    8vo.  1896. 

FhfriaaSoetety  <'f  /^.../'>n— Ppociodings,  Vol.  XIV.  Part  4.    8vo.     1896. 

Qmb's  OMigc.  aoliccij^— Calendar  for  1895-96.     8vo. 

QHefaK  Mleroteapieal  tlub—SoMmeA,  Nos.  36-38.     189.%96. 

BadtitM*  Lttjrary,  {htford — Catalogae  of  Books  added  to  the  RfuIclifTo  Library 

Oxford  Univeraity  Maaeum,  during  the  year  1895.    8vo.     ISIK). 
Bitekadiouart.  SoeiiU  det  Amii  det  Scienret  el  .4 r(4— Bulletin,  Tome  V.  Nos.  3,  4. 

Svo.     Iii95. 
Jiom*,  ilinitlry  <,f  PuUic  Foril*— Giomsle  del  Genio  Civile,  1896,  Fasc.  1.    And 

rvsipiii.   foi. 

Boyai  Soeifly   o/  Lmulon— Philosophical   Transactions,   Vol.   CLXXXVL   B. 

No.  I?^l       tin.     1806. 
Sa  inuv;»,  RiMjnl — 

y  'rinrlui  Citwuf  — 

Ai-nnrniitingin.  Bund  XVII.  Nos.  2.  .1.     8vo.     1896. 
dtthorm  8neiHy—V»inre  Notes  fnr  April,  1890.     Svo. 

Sidgnmea,  The  Iter.  W.  S.J.  F.It.A.S.  Oh«  >4H<Aor)— Resnlts  of  Meteorological, 
lUgaettMl  nad  Solar  Observations  for  1896.    8to.     1896. 
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SmiOuonian  Inttitution — The  Compoeition  of  Expired  Air  and  ita  effecta  npon 

Animal  Life.    By  J.  8.  BUlings,  S.  Weir  Mitchell  and  D.  H.  Bergey.    4to. 

1895.  (Smith  Cont.  to  Knowledge,  989.) 
Boeietfi  of  ArU — Journal  for  April,  1896.  Sro. 
Taeehini,  Pro/estor  P.  Hon.  Mem.  R.I.  (Vie  JiUAor)— Memorie  della  Society  degli 

SpettroMopisti  Italian!,  Vol.  XXY.  Digp.  3*.    4to.    1896. 
ToufouM,  SoeUU  ArehMogique  du  midi  d»  la  Franoe — Bulletin,  No.  16.    8to. 

1895. 
TfniUd  Servhe  Iiutitution,  JJovoZ-^oumal,  No.  218.    8vo.    1896. 
IMted  State*  Department  of  Agriculture — Monthly  Weather  Review  for  Oct 

1895.    8vo. 
United  State*  Department  of  Interior — Report  on  Crime,  Pauperism  and  Benevo- 
lence in  the  United  States  at  the  Eleventh  Cen8UB,  1890,  Part  2.    4to.    1895. 
Report  on  Wealth,  Debt  and  Taxation  at  the  Eleventh  Cenana,  1890,  Part  S. 

4to     1895. 
Diitfad  £tatM  P<U«iU  0]^— Official  Gazette.  Vol.  LXXIV.  Nob.  2-9.   8vo.  1896. 
Uptal,   VObMTeatoire   MeUorologiqu»—'BxiSisltva.  Mensnel,  Vol.  XXVIL     Svo. 

1895-96. 
Yerein  zur  BefBrderung  de*  Getoerbfleiiae*  in  ProiMMfi — ^Verhandlnngen,  1896, 

Heft!).    4to.    1896. 
Yieloria  Inititule—Jonmal  of  the  Transactiont,  Vol.  XXVIU.  No.  110.    8va 

189& 
Vienna,  Imperial  Geological  Inttitute — ^Verfaandlungen,  1896,  Noa.  1-3.    8va 
Zoological  Society  of  /.ondon— Proceedings,  1895,  Part  4.    Svo.    1896. 
Tnuaotiona,  VoL  XIY.  Part  1.    4ta    1896. 


189S.] 


fbdhe  AoioOTi 


191 


WEEKLY    EVKNTNG    MEETING, 
FriJAj.  lUj  8,  1896. 

Lot!  WIS  Hon>,  E«q.  Th.D.  F.B.$.  F.OS.  UutMgarmai. 
Yioe-Presuleot,  in  the  Chair. 

PxoriMOB  8DLTAIOB  P.  THOMncor,  D.Se.  F.B.S.  JTJZJ: 
SUetwic  Skadcvt  and  Ln 

Tbb  earlj  days  of  the  Tear  1896  vere  aiailce«I  b;  the  announeenieiift 
tel«gr*pbed  £rom  Vienna  to  the  effect  that  Professor  Boeutgen,  •  I 
man  wLuse  name  though  Itltk  knoim  oatside  die  world  at 
waa  well  known  and  higfalj  wrtwimid  hj  Ifaoee  who  were  initiatea  in 
pfarncs,  bad  diecoverMl  the  existence  of  rajs  of  a  new  and  eitrm- , 
oxdinary  kind.  Taking  a  Crviokes  tnbe,  excited  of  coarse  by  a  - 
proper  electric  spark,  and  oorering  it  ap  within  a  ca«e  of  black 
oardboMd,  be  found  it  to  prodoce  in  the  Borroonding  space  eumo 
flDtirely  nnexpected  effects.  Black  cardlKmrd  is  imperrioaa  not  mly 
to  ardmaiy  Ugbt  and  to  ntdiaot  beat,  bat  also  to  all  those  other 
known  kinds  of  inTisible  light  beyond  the  violet  end  of  the  spectrotn, 
known  as  actinic  waTes,  which  are  sacb  aetire  agt^ts  in  the  prodocv 
tion  both  of  flooreaoence  and  of  photographie  actions.  Tet  the 
inriaible  emanations  of  the  Crookea  tobe,  which  passed  freely 
through  the  opaque  cardboard,  were  found  by  Roentgen  to  be  capable 
of  revealing  their  presence  in  two  ways.  In  the  fint  place  he  had 
aeon  them  to  project  shadows  upon  a  lomineaceot  acreea  of  paper 
ooaicd  with  the  highly  flnorescent  substance  called  platino-cyaolde 
of  barium,  and  in  the  second  place  be  had  been  able  to  photograph 
IImm  ahadowB  by  letting  tbetn  fall  npon  an  ordinary  photographic 
plala.  The  disoorery  was  singular.  It  revealed  the  existence  of  a 
reDMtffcable  and  hitherto  unexpected  species  of  radiation.  It  added 
*»*^*>*^  to  the  many  puzzliog  phenomena  attendant  upon  the  dia- 
<A4rgg  of  eleetricity  in  vacuo.  It  proved  that  somethiDg  which  in  the 
oriiaaiT  MHMe  in  which  those  terma  are  used  is  neither  light  nor 
daalBioity  was  generated  in  the  Crookea  tube,  and  paesed  from  it 
tbnmgli  Eobstances  opaqne  alike  to  both. 

Bat  that  which  took  the  imagination  of  the  multitade  by  stonn, 
and  arooaed  an  interest  the  lutetuuty  the  like  of  which  has  not  been 
kaown  to  be  arousod  by  any  utiier  scieatifio  discovery  in  our  times, 
WM  not  the  fact  that  Profeeaor  Roentgen  had  seen  lominesoent 
■iiadows  firom  a  Crookes  tabe>  or  had  obtained  a  photograph  of  those 
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Rhadows;  it  was  the  entirely  subsidiary  and  comparatively  unim- 
portant point  that  to  these  mysterious  radiations  flesh  is  more 
transparent  than  bone. 

Let  mo  begin  by  showing  you  as  a  first  experiment  that  same  fact 
which  Roentgen  announced  of  the  production  of  luminescent  shadows 
by  these  invisible  rays.  Before  yon  there  stands  a  Crookcs  tube, 
of  the  most  modern  kind,'  for  this  particular  pnrjK>8e.  Wo  have 
here  an  induction  coil  t  capable  of  giving  G-inch  sparks,  with  which 
weoan  send  electric  discharges  through  the  tube,  illuniitmting  it  with 
its  charactoristic  golden-green  glow.  I  now  cover  over  the  tube  and 
exclude  all  ordinary  light,  not  with  a  box  of  black  cardboard  but 
with  a  black  velvet  cloth.  And  now  in  the  darkness  I  am  able 
to  show  you  on  a  sheet  of  paper  covered  with  the  highly  fluor- 
escent platiuo-cyanide  of  barium — the  well  known  substance  which 
Koeutgon  himself  was  using — the  shadows  of  objects  placed  behind. 
See  how  this  sheet  shines  in  the  light  of  the  tube  trausinutiiig  the 
invisible  radiations  into  visible  light.  I  hold  my  purse  behind  the 
Bcretu — you  see  the  shadow  of  tho  metal  clasp,  and  of  the  metal 
contents  (two  cciins  and  a  ring),  but  ymi  see  not  the  shadow  of  tho 
leather  purse  itself,  for  leather  is  transparent  to  these  rays  while  metal 
is  opaque.  I  htdd  my  hand  behind  uud  you  see — or  at  least  those  of 
yon  who  aro  within  a  few  yirds  of  nio — tlio  sliadow  of  my  hand,  or 
rather  of  tho  bones  of  my  hand,  surrounded  by  a  fainter  shadow  of 
the  almost  transparent  flesh. 

Now  the  second  fact  that  Roentgen  announced  was  that  these 
aamo  rays  which  escape  through  tho  uptii|no  covering  and  excite 
fluorescence  arc  also  capable  of  taking  pliotographic  impressions  of 
the  shadows.  There  is  nothing  whatever  new  ahout  this  part  of  the 
subject :  it  is  tho  old  photography  ;  there  is  no  "  new  photography." 
Here  is  a  common  camera  back,  and  here  inside  it  is  a  photographic 
dry-plate — qnito  a  common  dry-plate,  such  as  lias  been  known  for  ten 
years.  This  plate  is  coveroil  with  a  black  card,  bo  tliat  it  may  not 
becoaio  fogged  by  the  light  of  tho  room  when  I  draw  tlio  slide.  All  I 
have  to  do  is  to  lay  it  npon  the  tabic  bolow  the  Crookcs  tube  so  as  to 
cast  tho  shadow  upon  it,  ond  after  due  exposure  develop  tho  plate 
in  tlio  ordinary  well-uuderetoiHl  vFay.  Now  it  may  bo  interesting 
to  See  the  proof  of  the  fact  that  bone  is  less  tranei^'^''^''''  than  flesh. 
So,  with  your  permission,  I  will  ask  my  little  daughter  to  have  her 
hand  photographed.     (Experiment  made.) 

At  tho  time  of  Roentgen's  announcement,  the  exposure  required 
with  tho  Crookcs  tubes  that  were  then  in  existence  was  from  twenty 
minutes  to,  I  think,  two  or  three  hours.  Very  shortly  improvements 
were  made;  and  with  these  modern  tubes  one  minute  is  quite  saffi- 


1 


*  A  Crookee  **  focua  "  tube  (Jackson  pattern^  oonBtmoted  by  Meun.  New- 
ton  &  Co.,  of  Fleet  Strett,  London. 

t  An  Appa  coil  cupnble  of  )^ivin>;  apitrka  25  ceDlimetiea  in  length,  but  on 
thia  Qoctwiou  excited  with  only  5  c«lli>,  giving  fiiHirka  about  6  inches  in  length. 
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cient  for  an  expoenre.  Indeed  one  minate  ia  too  mnch  for  manj  ] 
objects.  I  haro  not  previously  tried  this  p&rticalar  tube,  thoagh  1 1 
judge  by  its  appeftrance  tbat  it  is  in  good  condition.  Aa  soon  aa 
the  ezpoeure  of  one  minate  is  over  we  will  Lave  the  plate  taken  into 
the  dark  room  and  developed  in  the  ordinary  way ;  and  when  it  is 
developed  wo  will  have  it  brought  back  into  this  room  and  pot  into 
the  lantern,  that  yon  may  see  what  has  been  done. 

Now,  while  we  are  taking  photographa,  I  may  as  well  take  a 
second  to  illnstrato  another  point  Roentgen  investigated  in  the 
most  careful  and  elaborate  way  the  relative  transparency  of  di&rent 
materials  for  these  mysterious  rays.  Ho  noticed  that  wood,  and 
many  substances  which  are  opaque  to  ordinary  light,  are  transparent 
lu  these  rays ;  whilst,  on  the  Contrary,  several  subetanoes  tluU  are 
transparent  to  light,  such  as  calc-spar  and  heavy  glass,  are  very 
opaque  toward  them.  Many  experimenters  have  examined  this 
qncMtion  of  relative  transparency.  I  devoted  a  day  or  two  to  the  1 
•tody  of  gems,  and  found  that  imitation  rubies  made  of  red  glass  are  I 
inach  more  opaque  than  real  rubies,  and  that  paste  diamonds  ara  1 
Biach  more  opaque  than  real  diamonds.  Beal  diamonds  and  rubies 
Are  indeed  very  transparont,  and  scarcely  cast  any  shadows  on  the 
luminescent  screen,  though  I  have  found  diamond  to  be  more  opaque 
than  an  equal  thickness  of  black  carbon.  There  are  laid  upon  this 
piece  of  card  two  rubies,  one  being  only  a  glass  ruby.  There  is  aluo 
a  row  of  four  small  diamonds.  I  will  leave  yon  to  find  out  whether 
they  are  false  or  real.  And  then  there  are  three  larger  diamonds, 
one  of  which  is  uncut  and  is  a  genuine  South  African  stone.  I  lay 
them  down  opon  a  photographic  plato  and  expose  them  to  the 
Roentgen  rays  so  that  we  may  test  their  relative  transparency. 
(The  two  photographs  thus  taken  were  projected  upon  the  screen  at 
the  close  of  the  lecture.) 

Amongst  the  things  which  Roentgen  told  us  was  the  fact  that 
different  kinds  of  glass  are  unequally  transparent:  that  lead'glaas, 
for  instauc«,  is  mnch  more  opaque  than  soda-glass,  or  potash-glass,  or,] 
indeed,  any  glass  which  docs  not  contain  a  heavy  metal  like  lead. 
He  found  that  practically  the  transparency  was  governed  by  tho 
density;  that  tho  heavy  or  the  dense  sabfitanccs  were  the  more 
opaque.  There  is  now  some  reason  to  correct  that  statement,  though 
in  the  main  as  a  firtit  approximation  it  is  perfectly  true.  Professor  i 
Dcwar  has  shown  that  you  roust  take  into  account,  not  the  ilensity  in  J 
groMs  but  tho  atomic  weight  Taking  any  homologous  series,  for 
example,  such  as  a  number  of  sulphides,  or  oxides,  or  chlorides,  that 
ana  which  contains  the  atoniically  heavier  metal  will  bo  the  more 
onaqoe.  A^ain,  the  bromide  of  sodium  is  more  opaque  than  the 
wloridu  of  the  same  metal,  and  the  iodide  is  more  opaque  than  the 
Wooiide.  Bnt  ns  the  correspondouce  between  relative  opacity  aud 
molecular  or  atomic  weight  breaks  down  when  wo  try  to  pass  from 
one  series  of  compounds  to  a  diflerout  series,  there  is  some  reason  to 
carry  the  matter  to  a  further  degree  of  approximation.     We  must  go 
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beyond  tlio  snggestion  of  atomic  weight  The  nearest  approach  to  a 
I&w  that  1  have  been  able  to  get  at  yut,  on  comparing  tables  of  statistics, 
is  that  the  transparency  is  proportional  to  the  specific  heat.  For 
hoinologoiiB  series  this  in,  of  course,  the  same  as  saying  that  the 
transparency  ia  inversely  proportional  to  the  molecular  weight. 

Hoentgen  found  all  the  heavy  metals  to  be  remarkably  upaqne, 
while  light  metals  like  sodium  and  alumiuiam,  and  even  zinc,  are 
remarkable  fur  tlicir  transparency.  Aluminium,  wliich  is  opaque  to 
every  known  kind  of  light,  is  traasparoiit,  even  in  sheets  halt  an  inch 
thick,  to  those  rays.  Lithium,  the  lightest  of  solid  metiils,  and  with 
an  atomic  weight  7  aa  against  aluminium  27,  is  so  trauspai-cnt  that  I 
have  not  been  able  yet  even  to  see  it«i  shadow.  Of  all  liquids  water 
is  the  most  transparent,  and  it  has  the  highest  specific  heat  of  all  of] 
them. 

Boentgen  farther  found  these  rays  to  be  incapable  either  of  refrncv 
tion  by  lens  or  prism,*  or  of  reflection  by  any  polished  mirror, 
Soflection  there  isi  in  one  eeuse.  thut  of  ditl'uso  reSection,  such  m 
white  paper  exorcises  on  common  light.  No  lens  can  concentrate 
tfaesa  rays  :  they  are  also  apparently  incapable  of  being  }x)lariscd. 
One  difficulty  in  experimenting  on  these  strange  properties  is  that  air 
itself  acts  as  a  turbid  medium,  reflecting  hack  diifusely,  as  a  smoky 
clond  would  do  for  ordinary  light,  a  portion  of  the  rays. 

Finiling  that  these  radiations  difiFered  in  so  many  ways  from 
ordinary  light,  and  while  resembling  and  even  surpassing  ultra-violet 
rays  in  their  strong  uctinic  projwrties,  yet  differed  entirely  from  them 
in  respect  of  the  properties  of  refraction,  reflection  and  poliiiisatiou,  bd 
named  them  "  X-ray^."  To  judge  by  his  own  writing,  ho  appeared  to 
wish  that  they  might  prove  to  be  longitudinal  vibrations  iu  the  ether, 
the  possibility  of  the  existence  of  which  has  boon  a  subject  of  spocn- 
lation  on  the  part  of  some  of  the  must  learned  of  mathematical 
physicists.  Others  have  suggested  that  these  X-rays  are  transversa 
vibrations  of  a  much  higher  frequency  and  eliorter  wave  length  thao 
any  known  kind  of  ultra-violet  light.  Others  again  see  in  thom 
evideuce  that  radiant  matter  (i.o.  kathodic  streams  of  particles)  can 
traverse  the  gloss  of  a  Crookes  tube,  and  regard  them  aa  material  in 
their  uuturc.  LaHtly,  it  has  been  suggested  that  they  may  bo  uoithet 
waves  nor  fitreams  of  matter,  but  vortex  motions  in  the  ether. 

To  follow  out  the  bearings  of  these  speculations,  as  well  as  to 
trace  the  development  of  discovery,  let  us  go  hack  a  little  and  consider 
what  was  the  starting  point  of  BoentgLu'a  research.  He  was  using  n 
Cruokcs  tube.  It  is  one  of  the  difficulties  of  my  task  to-night  that 
1  have  to  6{>eak  in  the  presence  of  him  who  is  the  master  of  as  all  in. 


*  Perria  in  Paris,  ftnd  WmkcliDaTiii  in  Jenn,  have  independeutly  found  what 
they  believe  to  be  eridenee  of  rcrriietiun  through  un  nliuuiiiimn  prisiu.  Both 
o))8erver!i  detected  a  feli<;)it  dtviittiou,  but  iu  a  direction  toward  the  refractiag 
angle,  chowini;  aluminiuni  to  )ihvo  for  tlioiie  ruyg  it  n.'fr«ctivo  iudex  slightly  less, 
vritb  r«9)i«ct  to  air,  than  unity. 
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Utis  subject  of  electric  discharges  iti  tbe  vaonnni  tube.  But  to  under- 
Btand  the  diBcoveries  of  Crookeslet  as  first  witnesB  a  few  experimental 
illtutrmtioQs  of  tbe  phenomena  of  electric  discharges  in  vacaam  tubes. 
MMiy  of  them  have  been  know  d  for  half  a  century.  We  all  know  of 
the  researches  made  in  England  by  Gopeiot,  aud  by  Varlej  and  others, 
and  the  tubes  of  Geiasler  of  Bonn  are  a  household  word.  But  there 
is  one  set  of  researches  which  dcserrcs  to  be  known  far  bettor  than  it 
is,  that  made  by  Dr.  W.  H.  Th.  Meyer,  of  Frankfort,  whose  paniphlit  • 
I  hold  in  my  hand.  In  it  he  depicts  a  number  of  tubes  in  voiious 
stages  of  exhaustion,  including  one  in  that  highet>t  stage  of  exhiiustiuu 
which  one  is  prone  to  think  of  modern  orij^in. 

In  order  to  illustrate  the  suuco-ssivo  phenomena  which  aro  pro- 
daced  when  electric  discharges  arc  sent  through  a  tube  during 
progzvssively  increasing  exhaustion,  there  is  here  exhibited  a  set  of ' 
identical  tnlies.  Each  is  a  simple  straight  tube,  baring  sealed  in 
at  each  eud  un  electrode  terroiniiting  in  a  nhort  piece  of  alaminiuiu 
wire.  The  tdectrtnie  by  which  tlie  electric  current  enters  is  known 
as  the  anudo,  that  by  which  it  leaves  the  tnl  e  as  the  kathndc.  The 
only  ditTtn.nce  between  these  eight  tubes  lies  in  the  degree  of  rare- 
faction of  the  interior  air.  The  first  one  contains  air  at  the  <irdiniiry 
{iresaore.  As  its  electrodes  are  about  12  inches  apart  I  ttm  uimble 
with  the  Apps  induction  coil  (excited  to  throw  au  8-iiich  spark)  to 
•end  a  spark  through  it.  From  the  second  tube  a]>oiit  four-tifths  of 
the  air  has  boon  abstracted,  and  here  we  obtain  a  forked  bruBL-like 
Sjwrk  between  the  electrodes.  The  third  tube  has  been  exhausted  to 
about  one-twentieth  part,  and  shows  as  the  discharge  a  singlo  thin  red 
linear  spark  like  a  flexible  luminons  thread.  Wlieu,  as  in  the  fourth 
tulx*.  the  exhaustion  is  carried  so  far  as  to  leave  tut  oue-furtieth,  the 
red  lino  is  found  to  have  widened  out  intu  a  luiiiiuous  band  which 
tttonds  from  [lole  to  jwle,  whilo  a  violet  mantle  miikcs  its  appearance 
Asach  end  aud  spreads  dver  both  uf  the  electrudes.  On  carrying 
tbo  exhanstioti  to  the  stage  shown  by  the  llfth  tube,  where  only  about 
g^-^  of  tlie  original  iiir  is  left  behind,  we  note  that  the  lumiuoufl 
column  has  broken  up  transvcrttely  into  tlickcriug  striie,  that  the  violet 
mantle  round  the  katho<le  has  become  more  distinct,  aud  is  separated 
by  a  dark  interval  from  the  luminous  red  column,  while  a  fecond  and 
very  narrow  dark  siNVce  appt^ars  to  separate  the  violet  mantle  from 
tbo  sarfoce  i.<f  the  kathode.     In  the  sixth  tube  the  exhaustion  has  been 


I  carried  to  al>out  ^jrioTi-  The  flickering  strite  have  ehnngud  shape  and 
culoctr,  hc-ing  paler.  The  light  at  the  uuode  has  dwindled  to  a  small 
blight  {>atcb.  The  violet  gluw  surrounding  the  kathode  has  expanded 
41  fill  the  whole  of  that  end  of  the  tube  ;  the  dark  space  has  become 
note  distinct,  and  within  it  the  kathode  now  shows  on  its  surface  an 
inner  mantle  of  dull  red  Light.     There  is  a  slight  tendency  fur  the 


*  BMbsdituneen  Abet  du  gcvoliicblete  eleciriwtie  IJclit,  sowie  ilker  den 
BcrkttOrdig^n  EiullOH  dca  Mognoten  auf  daaiclbe :  vun  Dr.  W.  H.  Tbeodor 
Mstet.     BcifUu.  1»M- 
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glues  to  show  ft  groeniBh  fluorescence  near  tlie  kathode  end.  In  the 
Btiventh  tubo  tbo  Inniinoiis  column  baa  subsided  into  a  few  grcyish- 
wbite  nebulons  patclie^,  the  dark  space  round  tbo  kathode  has  greatly 
expanded,  and  the  glftss  of  the  tube  has  now  begun  to  show  a  yellon- 
greon  fluorescence.  The  exhauation  has  been  pushed  so  that  only  about 
unAmr  "^^  ^^^  "^  ^^^  original  air  is  present.  Iq  the  eighth  and  List 
tube  only  one  or  two  millionths  of  the  original  air  have  been  left, 
with  the  result  that  the  tubo  now  offers  an  enormously  increased 
resistance  to  the  passage  of  tlie  discharge.  All  tbo  internal  flickering 
nebulosities  have  vanished ;  the  tube  looks  as  though  there  were  no 
reJtidufil  air  within.  But  now  the  glass  itself  shines  with  a  fine 
ycllow-grcen  fluoresconce  which  is  particularly  bright  in  the  region 
around  the  kathode.  Were  tbo  exhaustion  to  be  carried  much  further 
the  spark  from  this  induction  ooil  would  no  longer  pass,  so  high 
would  the  resistance  become.  All  these  successive  stages  up  to  the 
last  can  be  shown  in  one  ami  the  same  tube  attached  to  a  modem 
rapid  air  pump.  But  for  the  proper  production  of  the  high  vacua  of 
the  last  stages,  whore  electric  shadows  are  alone  produced,  nothing 
short  of  a  luercuria!  pump,  either  in  the  form  iavente<l  by  iSprengel 
ur  in  that  used  by  Guissler  (or  one  of  the  recent  modifications)  will 
saffico. 

The  phenomenon  of  fluorescence  of  the  glass,  whiob  manifests 
itself  when  the  exhaustion  has  become  sufficiently  high,  was  known 
in  a  general  way  as  far  back  as  1869  or  1^70.  The  tubo  next  to  bo 
shown  is  a  modern  reprmluction  of  a  tube  used  at  that  time  by 
llittorf,  of  Munster.  It  differs  from  the  tubes  last  shown  by  hoviug 
a  bend  in  iL  llittorf  observed  that  when  such  a  tube  is  ex- 
hausted sufficiently  highly  to  give  at  the  kathode  the  characteristic 
greouish-yollow  fluorescence,  this  greenish-yellow  fluorescence  re- 
fused to  go  round  the  bend.  It  might  appear  at  one  end  or  the  other, 
according  to  the  direction  in  which  the  discharge  was  being  sent,  but 
would  not  go  round  the  bend.  The  efiect  was  as  if  the  discharge 
wont  in  straight  lines  from  the  bit  of  wiro  that  served  as  kathode  to 
the  walls  of  the  tube.  Indeed  shadow  offecta  were  observed  by  him, 
and  by  Wright,  of  Yale,  and  afterwards  indopendently  by  Crookes, 
who  greatly  extended  our  knowledge  of  the  facts.  We  may  take  this 
fact,  that  the  fluorescence  caused  by  the  kathode  will  not  go  round  a 
corner,  as  the  sturtiug  jioiut  of  the  memorable  reBearohes  of  Croofces 
on  radiant  iiiattor  a  score  of  years  ago. 

liefi)ro  you  arc  several  tubes  which  illustrate  the  researches  made 
by  CrookoB.  Tlic  first  is  a  simple  glass  bulb  into  which  are  sealed 
tlio  tivo  eluctrodt'B  — the  auodo,  by  which  tbo  current  enters,  ter- 
minating in  a  bit  of  stout  aluminium  wire  ;  the  other,  by  which 
the  current  leaves,  calkd  the  katliodo,  turnjinating  in  a  small  flat 
uhiuiiniuui  ilink.  TIkj  gluss  bulb  \va8  itholf  highly  I'xhausttsd — how 
highly  \vv  sliiill  presontiy  see.  From  the  fhit  front  surfiice  of  tbo 
katlRido,  when  sparks  arc  scut  through  the  bulb,  a  sort  of  back- 
discliarge  takes  place   in   a  direction  normal  to  the  surface.     This 
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ducfaarge,  which  only  occurs  at  a  very  high  degree  of  cxhaastion, 
pouosaes  eeveral  properties  which  distinguish  it  from  all  other  kinds 
of  discharge.  It  is  propagati<d  in  8traight  lines,  canses  a  brilliant 
Inminesoence  wherever  it  strikes  against  the  glass  walls  of  the 
tabes,  casting  shadows  of  intervening  objects,  it  heats  the  surface 
on  which  it  impinges,  and  strikes  them  with  a  distinct  mechanical 
force.  Singular  to  relate,  it  is  also  capable  of  being  deflected 
Ity  a  magnet  as  though  it  were  a  flexible  conductor  carrying 
the  current.  Struck  by  the  singularity  of  those  kathode  rays  or 
kathode  discharges,  which  formed  the  subject  of  several  beautiful 
reaearobes,  Crookes  advanced  the  hypothesis  that  they  consisted  of 
flight*  of  negatively  electrified  particles  or  "  radiant  matter."  The 
particles  he  sometimes  spoke  of  as  moleculois,  sometimes  as  dis- 
sociated atoms,  or,  as  we  should  now  say,  ions.  Ho  studied  the  wan- 
derings of  these  flying  particles  by  inserting  within  the  bulb  at 
different  points  auxiliary  electrodes.  He  found  the  interior  of  tbe 
bulb  to  be  positively  electrified  in  all  parts  except  witbin  the  dark 
■paee  which  surrounds  the  kathode,  that  is  to  say,  except  witbin  the 
range  of  the  actual  kathode  discharge.  The  kathode  dischurgo  itsvlf 
was  found  to  be  posseased,  to  an  extent  exceeding  any  other  known 
agency,  of  the  power  of  exciting  fluorescence  and  phosphorescence  in 
minerals  and  gems.  The  kathode  rays  were  themselves  discernible  as 
they  ercnsed  the  interior  of  the  tube.  In  such  a  bulb  the  kathode  rays 
would  form  a  blue  streak  impinging  straight  upon  the  anode.  The 
kathode  used  in  the  next  Crookes  tube,  is  of  a  concave  shape. 
Crookes  foiuid  that,  since  tbe  kathode  rays  left  the  surface  normally, 
iae  rasnlt  of  curring  the  kathode  was  to  focus  tbe  rays  toward  tho 
eaotre  of  curvature.  By  so  focussing  the  rays  upon  a  bit  of  platinum 
foil,  it  was  found  possible  to  funo  and  even  melt  the  metal. 

Unlike  the  diaobarges  obtained  at  lower  stages  of  rarefaction,  the 
direction  of  these  kathode  rays  was  found  to  be  independent  of  tho 
|K>i>ition  of  tbe  anode.  He  found  katht^e  rays  to  be  produced  even 
wban  no  internal  electrodes  were  inserted,  and  when,  instead,  external 

ClohM  of  tinfoil  were  attached  to  the  glass.  Their  mechanical  action 
Btndied  by  causing  them  to  impinge  upon  tho  vanes  of  a  pivoted 
fly  which  was  thereby  set  into  rotation.  In  a  later  experiment  ho 
•anwd  the  fly  of  a  "  molecule  mill "  to  be  set  into  rotation,  not  by  the 
impact  of  the  kathodic  discharge  but  by  the  kinetic  energy  of  tho 
{(articles  returning  back  toward  the  anode  after  they  bad  impinged 
against  tbe  walls  of  the  tube  and  lost  their  negative  electric  charges. 
A  IDOTC  reanmi  of  Crotikes's  work  in  those  years  beginning  about 
1869  or  1870,  and  extending  not  only  for  ten  years  actively,  but  going 
on  at  intervals  nntil  a  year  or  two  ago,  would  of  itself  fill  a  uluilo 
conne  of  lectures.  Into  the  controversy  which  has  arisen  between 
CrookM  and  tho  English  physicists  on  the  one  band  and  the  fiurmHu 
phjaioiatH  on  tho  other,  there  is  no  ncnl  to  outur.  Suffice  it  tii  wiy 
tw  wfailo  tho  firrtniui  physicists  nioHtly  rcjVct  C'ronkess  hypothesis 
of  railiaut   tuatt<^r.  and    rcf^nrd  all  tiicse  vnrioim  phoiionicua  as  the 
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resnlt  of  mere  wave  motions  within  the  tnbo,  the  British  physicists, 
including  Lord  Kelvin  nnd  Sir  Georgo  Stokes,  occopt  Crookos's  view 
o{  the  material  nature  of  the  kathode  rays.  Who,  indeed,  that  has 
Been  tlie  molecule  mill  at  work  can  doubt  that,  whether  vibrations  ard 
present  or  not  (and  doubtless  there  are  Tibrations  present),  there  are 
actually  streams  of  moving  particles  as  an  essential  feature  of  the 
kathodic  discharge  ?  For  the  moment  the  victory  undoubtodl/  rests 
with  the  views  of  Crookea. 

But  of  all  these  phenomena  the  one  which  concerns  us  most  is 
that  of  the  production  of  electrical  shadows.  Erecting  in  the  path 
of  the  kathode  rays  an  obstacle  cutout  in  sheet  metal — a  cross  of  thin 
aluminium  is  the  favourite  object — a  shadow  of  it  is  observed  to  be 
cast  upon  the  wall  of  the  tube  behind  it ;  the  plaas  phos])horesciug 
brilliantly  except  where  shielded  from  the  impact  of  the  kathode  rays, 
BO  that  the  shadow  comes  out  dark  a<^ainst  a  luminous  background. 
Common  soda-glass  gives  this  greenish-golden  tint,  while  load-gloss 

exhibits  a  blue  phosphoresconco.  Not 
glass  alone,  but  diamonds,  rubies,  emer- 
alds, calc-spar  and  other  earthy  ma- 
terials, such  as  alumina,  and  notably 
yttrio,  produce  the  most  brilliant  effects 
uuder  the  kathode  discharge,  some  of 
ihcm  only  fluorescing  transiently, othera 
tvith  a  persistent  phosphorescence.  As 
a  fiample  is  shown  a  tube  in  which 
a  sea  shell,  slightly  calcined  to  remove 
organic  mutter,  is  made  to  emit  a  bril- 
liant luminescence  under  the  impact  of 
rays  from  a  kathode  jdaced  above  it. 
Tho  shell  itself  casts  a  shadow  against 
the  lower  part  of  the  tube.  Some  of  tho  shadow  effects  are  very 
mysterious  and  have  recently  claimed  much  of  my  attention.  The 
size  of  the  kathodic  shadows  ia  Effected  by  the  electrical  state  of 
the  object,  Electrifying  it  positively  makes  its  shadow  shrink  to 
smaller  dimensions.  Electrifying  it  negatively  causes  a  singular  en- 
largement of  the  shadow.  There  seems  to  be  no  difference  between 
the  shadow  of  a  metallic  body  and  that  of  a  non-metallic  body  of  the 
same  sizo.  All  bwlios  cast  shadows,  however  thin.  Even  a  film  of 
glass  jiTffdjj  inch  thick — so  thin  that  it  showed  iridcacence  like  a 
soap  bubble — was  found  by  Crookes  to  cast  its  shadow. 

Another  point  noticed  by  Crookes  was  that  if  the  exhaustion  is 
cai-ried  very  far,  and  the  tube  is  stimulated  by  a  sufficiently  strong 
electromotive  force,  the  phosphorcBcence  may  occur  at  pointJs  not  in 
tlie  line  of  discharge  but  round  a  corner.  Not  that  the  kathode 
rays  turn  the  corner,  however.  Apparently  some  of  the  more  quickly 
moving  or  perhaps  more  highly  charged  particles — atoms,  molecules 
or  ions — those,  in  fact,  describod  by  Crookes  as  "  loose  and  erratic  " 
• — would  manage  to  got  round  tho  corners  and  produce  cffecta  of  a 
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more  or  less  directly  kathodio  kind  in  places  where  they  ooold  not 
have  penetrated  by  any  motion  in  a  straight  line. 

Here  (Fig.  1)  ia  a  tnbe— a  variation  on  one  of  Hittorf's,  having 
two  branches  that  cross  one  another  at  right  angles.  There  are  two 
■mall  disks  of  alumininm  in  the  bnlboiis  ends  to  serve  as  electrodes. 
When  either  of  these  is  made  the  kathode,  the  whole  limb  in  which  it 
is  situated  flnoresoes  brilliantly  of  a  golden-green  tint,  particularly  at 
the  distant  end.  But  the  other  limb  remains  dark,  save  for  a  little 
oebolons  blae  patch,  near  the  anode,  due  to  residual  gas.  Another 
tube  (Fig.  2)  is  made  as  a  zigzag,  and  here  again  only  the  end 
branch  shines.  On  reversing  the  current  the  luminescence  shifts  to 
the  other  end.  Rut  when  the  tube  is  more  highly  exhausted,  the 
phosphorescence  is  observed  not  only  in  the  end  branch  where  tho 
kathode  is,  but  also  slightly  at  tho  end  wall  of  each  branch  of  tho 
xigsag.  Apparently  the  residual  gas  will  act  partly  as  its  own 
kathode,  and  throw  off  something  which  causes  the  gloss  beyond  to 

I  phosphoresce. 
And  now  let  me  remark  that  not  one  of  all  the  tubes  shown  since 
the  first  one,  is  capable  of  showing  a  shadow  upon  tho  flu(>rescciit 
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leroen  outside,  or  of  taking  a  photograph  throvigh  a  sheet  of  alumininm. 
Even  the  brilliant  tul)o  which  showe*!  so  oxcollently  the  shadow  of  tlui 
cross.  Coils  to  show  any  resnlt  after  hours  of  vain  waiting.  It  yields 
DO  raya  that  will  {)cnotnito  aluminium.  For  experiments  with 
Roentgen  rays  it  is  absulntely  necessary  that  tho  process  of  oxbauBtion 
shonld  bo  carried  bcyonil  the  stage  that  suffices  for  the  production  of 
kathotlo  shadows ;  it  must  be  pushed  to  about  that  limit  which  Orookcs 
himoclf  described  as  his  unit  for  the  degree  of  vacuum,  namely,  one- 
mtUionth  of  an  atmosphere.  I  do  not  say  that  with  long  exposures 
pbotographs  cannot  be  taken  when  tho  degree  of  oxhaustiou  ia  lower. 
SomeUiing  depends,  too,  upon  the  degree  to  which  the  electric  dis- 
cbarge is  stimulated,  and  something  also  depends  u{>on  the  sliape  and 
■trocture  of  tho  tube  and  upon  the  size  and  Bha{)e  of  the  kathode. 
Bat  on  none  of  these  things  does  the  emission  of  X-rays  depend  so 
mneh  as  npon  the  degree  of  vacuum.  Tho  highly  exhausted  vacuum 
is  the  one  real  eoeential. 

Ho  soon  BB  Crookos's  researches  upon  electric  shadows  hod  become 
known,  eloctricians  set  to  work  to  try  to  produce  eloctrio  shadows  in 
ordinary  &ir  iritbout  any  vacuum.    Due  of  the  ablest  of  oxporimenters, 
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Professor  W.  Holtz,  was  eaccessful,  using  as  a  eoiirce  of  electric  dis- 
charge the  electrified  wind  which  is  given  off  by  a  metal  point  attached 
to  the  pole  of  an  inflaence  machine.  If  in  a  perfectly  dark  room  such 
a  point  is  placed  opposite  and  at  a  few  inches  from  a  wooden  disc 
covered  with  white  silk  and  connected  at  its  back  or  edges  to  the 
other  pole  of  the  machine,  it  wUl  be  observed  to  show  a  pale  lumi- 
nosity over  a  circular  patch  where  it  is  struck  by  the  electric  wind. 
If  then  the  object  is  brought  between  the  disc  and  the  point  a  shadow 
will  bo  observed  to  be  cast  upon  the  white  surface.  Non-conductors 
do  not  cast  shadows  as  well  as  conductors  do.  A  piece  of  thin  mica 
scarcely  costs  a  shadow  at  all  until  it  is  moistened.  Double  shadows 
can  be  gut  by  using  two  disks  covered  with  silk  facing  one  another : 
any  conducting  object  introduced  between  them  costs  a  shadow  on 
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both.  If  such  a  shadow  from  an  electrified  point  ia  cast  downward 
upon  a  sheet  of  ebonite  or  pitch,  the  parts  not  shaded  are  found  after- 
wards to  remain  electrified,  and  can  be  discovered  by  scattering  over 
them  Lichtenborg's  mixed  powders  of  red  lead  and  lycopodium,  thofl 
perjKitiiating  the  shadow. 

But  now  it  is  possible  to  produce  electric  shadows  in  another  way, 
photographically,  as  has  been  known  for  some  years,*  from  metal  ob- 
jects such  as  coins,  by  simply  laying  them  down  upon  a  photographic 
dry-plate  (a  gelatino-bromide  plate)  and  eeuding  an  electric  spark 
(from  an  induction  coil)  into  them. 

Fig.  3  shows  the  arrangement  adopted  by  the  Eov.  F.  J.  Smith,  who 
is  kind  enough  ta  exhibit  in  the  library  to-night  aome  scores  of  his 
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beaatifDl  "  indnctoecript "  photograpLs.  Upon  the  screen  I  throw  a 
few  samples,  incladiug  a  print  of  ono  of  tho  jnhileo  coins  (Fig.  4). 
These  curious  photographs  are  pro- 
doced  simply  bj  the  chemical  ac- 
tion of  the  electric  discharges 
which  stream  off  from  all  the  pro- 
jecting portions,  and  so  ronghly 
reprodnce  an  imago  of  the  coin. 
Since  Boentgen's  discovery  many 
persons  have  unnonnced  their  sup- 
posed discovery  of  the  production 
of  electric  shadow-pictures  without 
the  aid  of  a  Crookes  tube.  What 
they  have  really  observed  is,  how- 
ever, totally  different.  They  have 
not  been  producing  X-rays  at  all, 
bnt  have  merely  reiliscovored  these 
inducto«cript  shadows. 

Between  the  researches  of  Crookee,  however,  and  those  of 
Boontgen  there  come  in  a  very  remarkable  body  of  researches  in 
Germany.       I  Lave   bat    to    name    Goldstein,*   Fuluj,  \  Uertz,  | 

*  Goldfteio,  in  his  reeearcbos  nn  tbo  Reflection  of  Electric  (i.e.  Eathoda) 
lU;'*  in  '  'Wifd«n«nn'§  Annalea,'  iv.  246,  1882,  came  very  near  to  the  (iiscorery 
of  the  RoMtlgen  rays.  After  pointing  out  thiit  Hitt<^rf  bati  held  (lie  uptiiion 
tbftt  the  kathode  mys  «nd  nt  the  plnoe  where  they  strike  upon  a  iK)l)d  wall,  niid 
tlutt  they  are  unable  to  proc«<-d  in  any  direction  ht  all  from  thence,  Goldateiu 
directs  attention  to  tbe  circamstance  that  fluorescent  patcLec  art;  tsomotixneti  Hcea 
at  tbe  end  of  cnx>ked  tubes,  where  tliev  could  not  have  been  caiiBed  by  the 
din>ct  inpnot  of  kathode  discharges.  iSe  discusMea  the  question  wluther  this 
ij  doe  to  rvflectioa  or  to  a  deflection  caused  by  the  spot  whoro  impitct  lirst  took 
place  having  become  dcctrifltxl  negatively,  and  therefore  acting  as  a  secondary 
sathode.  The  latter  hypothetitg  is  rendered  Dnt«oable  by  liis  observation  that 
if  the  Bitot  of  first  impact  is  made  an  anode  the  efft-ct  still  occurs.  Ue  then 
shows  tb»t  the  pheDoaiena  are  iocoasigtcnt  with  u  spieoular  rellectioQ,  but  are 
etplaitied  by  enpposing  that  there  ia  a  diffuse  reflection,  lie  then  sums  up  na 
follows; — '*  A  bun<lle  nf  kathode  rays  does  not  end,  at  least  under  those  circum- 
stBDoea  under  whicli  it  txrites  phosphurescenoe,  at  the  \Aace  where  it  Klrikas 
npoo  a  solid  wall,  but  from  the  place  of  iuipoct  on  the  wall  there  proceed  electric 
nys  in  ovpry  direction  in  the  gaseous  space.  These  rays  may  be  considered  ns 
raflMted.  Any  lolid  wall  of  any  property  whatever  may  i:erve  us  a  reflecting 
mrCsee.  It  is  immatorial  whether  or  not  it  is  capable  of  i)bngphore>cence,  or 
wlwlbar  It  orinsists  of  an  insulator  or  of  a  conductor.  Tho  n'Oectim  in  diffuse,  no 
matlar  wb«tber  tbe  snrfkoe  in  dull  or  most  highly  [xilisliud.  An  anode  reflects 
lbs  kklfcnde  tsya  sensibly  as  well  as  a  neutral  conductor  or  an  initolritor.  The) 
niastod  rays  nave,  like  tbe  direct  kathode  rays,  tlie  property  to  excite  phoa- 
phcnsoence  at  their  ends.  They  are  subject  to  deflection,  and  their  ends  are 
oeviatrd  in  the  same  lense  oa  the  ends  of  kathode  rays,  which  would  extend 
(hm  tl)<>  reflecting  surface  toward  tite  place  kit  by  tho  reflected  rays." 

t  fuluj.  "  Kadiant  Eleotro<ie  Matter  and  tho  sonsallod  Fourth  State."  Pub- 
liiii*^  in  •■  '  •  "■•f»r--'-i  Memoirs,"  by  the  Physical  Bociety  of  Loudon.  1889. 
Thcap  ar  '  rs  published  in  188^  in  tbe  Memoirs  of  the  Imperial 

Aradmiiv        ~  ■  n. 

:  H.Hrris.  Ii«?s«-nnhee  on  the  Glow-Discharge,  Wied.  Ann.  xix.  78*2,  1883. 
llrtts  rrgaixi*  tbo  kathode  ruys  a*  a  profierty  of  tho  ether,  not  as  eonsistiiiir  o' 
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Wiedemann,*  and  Lenord.'l'  amongst  the  workers,  to  sbow  what  in- 
terest has  been  oonceutr&tcd  on  tbe  subjeot.  Hertz,  whose  Iobs  science 
bae  not  ceased  to  lament,  observed  that  a  part  at  letiet  of  the  kathode 
rays  wore  capable  of  passing  throngh  thin  alnniininm  sheet,  a  pro- 
perty which  continued  him  in  his  previons  donbt  as  to  the  material 
nature  of  the  katho<lic  discharge.  His  pupil,  Philipp  Lenard,  now 
Professor  Lenard,  of  Aachen,  took  up  the  point  He  fitted  np  a 
tube  with  a  email  window  of  aluminium  foil  gpponte  the  kathode. 


moving  ptirticlea.  He  finds  tlie  kathode  rajra  to  consist  of  a  heterogeneous  variety 
of  kinds  which  diffur  from  one  another  in  their  proportioa  of  caufiing  pbnepho- 
resoeoc«,  of  beinft  •beorbtd,  and  of  being  deflecte<]  by  the  mnfmet.  Ou  the  Trans- 
niksion  of  the  Kathode  Bays  through  Thin  Layers  of  Metil,  xlv.  2^  1892. 
Hertz  finds  that  glase  flnorescca  in  kutbode  rays,  even  if  covered  with  gold  leaf 
or  tliin  films  of  varioos  metals,  though  not  if  covered  with  thin  mioa.  Aluminium 
was  found  beet,  and  allowed  fluorescvnoe  to  occxu- even  when  a  sfat-et  of  aluminium 
leaf  was  used  so  thick  as  to  be  opaque  to  light.  A  diaphragm  of  thin  aluminium 
leaf  on  a  metal  frame  placed  inside  a  Crookes  tube  at  20  cni.  from  the  katlioda, 
permitted  enough  rays  to  pass  to  give  a  tolunibly  bright  and  even  flunrescence 
over  the  whole  of  the  further  tnd  of  the  tube.  These  rays,  after  paissing  through 
the  li'sf  of  metal,  still  showed  rectiiinimr  propagatiju  (with  some  diffusion)  and 
had  not  lost  the  property  of  being  deflected  by  the  magnet. 

*  E.  Wiedemann's  pnpen>  which  are  of  special  importance  have  mostly 
appeared  in  '  Wiedemann's  Antialen.'  Tbe  following  aro  the  chief  of  them. 
Some  of  tlie  later  have  been  written  in  collab;>ration  with  Prof.  H.  EberL 

Oq  tire  Phosphorescent  Light  excited  by  Electric  Discharges,  Wied.  Ann.  ix. 
157,  1880. 

On  Kteotrio  Discharges  in  Gases,  xx.  75C,  1881. 

On  Fluorescence  and  Fhospliorescence,  Pt  I.  xxiiv.  ■14'J,  1888. 

On  the  Mechanitim  of  Luminosity,  xxxviL  177,  1889. 

On  Kathoilo-  and  Photo-Luminescence  of  Glasses,  xxxviii.  488,  1889. 

On  Eloctric  Discharges  in  Gases  and  Flames,  xxxv.  200,  220,  234.  237,  253, 
1888. 

On  Electric  Discharge*,  xwcvi.  643,  1889. 

On  the  Apparent  Repulsion  of  Parallel  Kathode  Rays,  xlvi.  158,  1892. 

On  ElfCtric  Disehurges;  Excitation  of  Etuctric  Oscillations  and  the  Belatinn 
of  Dischiirge-tuboa  to  the  same,  siviii.  Sl'J,  and  xlix.  1,  1893. 

Researelies  on  Electrodvuuniic  Screeniug-Aclion  and  Electric  Shadows,  xHs. 
82,  1S93. 

Luminous  Phcoomcnn  in  Electrodc-lesij  rarcfi^Ml  Speoes  undto'  the  Influence 
of  rapidly  altcrnnting  Ebctric  Kit-Ida,  1.  I,  221,  1893. 

With  J,  B.  MofKerscbniitt,  on  Fluorescence  and  Pbosphoreaoenoc,  Pt  IL 
Validity  of  Talbot's  Ltiw.  .\iiiv.  4t:3,  1888. 

Wilh  H.  Ehort,  on  the  TrauBparency  of  Kathode  Deposits,  Sitzber.  d.  phy*.* 
nied.  S<.w.  zu  Erlnngen,  Dec.  14,  1891. 

+  Leoard's  papera  are ; — 

Note  uu  u  Fliosphuroscupo,  with  epoik  illnmination,  Wied.  Ann.  xxxiv.  918. 
1888. 

With  M.  Wolf,  Lurninosccnce  of  Pyrogrtllic  Acid,  xxxiv.  918,  1888. 

With  V.  Klatt.  on  tbe  Phoiiphoieficence  of  Copper,  Bismuth,  and  Manganese 
in  tbe  Sulphides  of  Alkaline  Earths,  xxxviii.  90,  1&89. 

On  Kathode  Rays  iu  Gases  at  Atmospheric  Itessurc,  and  in  the  most  extremft-J 
vacuum,  li.  225,  1894. 

Oi\  the  Magnetic  Deflexion  of  the  Kathode  Rays,  lii.  22,  1894. 

Oil  the  Absorption  of  (he  Knthodo  Hnys,  Ivi-  '205,  189.'>. 
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its  form  being  that  shown  in  Fig.  5.  Tho  kathode  was  a  flat  (link  on 
the  end  of  a  glnse-coTored  wire  stem.  The  anodo  was  a  cylindrical 
tube  of  braHB  surronnding  the  kathode.  Upon  the  further  end  of 
the  tubo  ft  bm88  cap  was  fixed  bj  meiuas  of  vacuum-tight  cement. 
Over  a  small  orifice  in  this 
brass  cap  was  set  the  alumin- 
ium window  of  foil  oul/  ^J^ 
taiilimetro  thick.  By  this 
meuis  bo  was  able  to  do  what 
had  proriously  been  supposed 
impossible,  bring  the  kathode 
rsys  out  into  the  open  air.  Or, 
St  least,  that  in  what  he  ap- 
pears to  have  considered  thut 

he  was  doing.  Certainly  ho  sacceeded  in  bringing  out  from  tho 
Tacnum  tul)e  rays  that,  if  not  actnitl  prolongations  of  tho  kathode 
rays,  were  closely  identified  with  theui.  He  examined  tlieir  proper- 
ties biitit  in  the  open  air  and  in  gases  contained  in  a  second  chaujbor 
beyond  the  window,  and 
found  them  to  be  capable  of 
producing  photographic  im- 
pressions on  sensitiTe  plutes. 
He  farther  examined  the  ques- 
tion whether  they  can  be  de- 
flected by  a  magnet.  Fig.  6, 
which  is  copie<l  from  Lenard's 
ps|ior,  shows  tho  results.  Tho 
row  of  spots  on  the  left  side 
shows  the  photographic  oficct 
undor  Tsrious  ditferent  condi- 
tions of  experiment  when  there 
was  DO  magnet  present.  The 
mots  io  the  right-hand  row 
snow  the  effects  obtained  when 
a  magnet  was  prcsctit.  For 
example,  in  tlie  third  row  from 
the  top  it  is  scL<n  that  the 
bundle  of  rnys  when  subjected 
to  the  infl nonce  of  tho  magnet 
is  partially  dispersed,  tho  spot 
being  enlarged  sideways  and 
kaTiug  a  kind  of  uobulous  tail. 
This  jiroTcs  that  through  tho 
alomininm  window  there  came 

some  r»y8  which  were  deflected  by  a  mngnot,  and  some  rays  also 
which  were  not  deflected  by  a  magnot.  The  question  naturally  arises 
whether  the  rays  which  Louard  had  thuR  succeeded  iu  bringing  out 
ink!  tho  open  air  are  the  same  thing  as  tho  rays  with  wliich  Cr<M)kea 
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iad  been  working  witli  inside  the  vacuum.  To  that  qnestion  the 
final  answer  cannot  yet  bo  given.  Certainly  some  of  the  Lenord 
rays  resemble  the  interior  kathode  rays :  but  some  differ  in  the 
crucial  respect  of  deflectability  by  the  magnet.  The  higher  the 
degree  of  vacnnm,  the  less  are  the  rays  deflected. 

Having  touched  all  too  briefly  upon  the  researches  of  Lonard,  it 
remains  for  me  to  speak  of  those  of  Wiedemann,  of  Erlangcn,  who  for 
many  years  haa  made  n  Btndy  both  of  the  phenomena  of  electric 
discharge  and  of  those  of  fluorescence  and  phuRphoresccnce.  In  a 
research  made  in  the  year  ISito  ho  attained  some  results  of  singnlur 
interest.  He  had  been  making  electric  discliarges,  in  c-ollaboration 
with  Professor  Ebort,  by  a  special  apparatus  for  producing  electric 


i 


Fig.  7. 

oscillations  of  high  frequency.  This  apparatus,  in  the  modified  form 
given  to  it  by  Ebert,*  stands  on  tlio  table  before  yon.  It  is  an 
apparatus  of  the  same  class  as  that  described  hero  some  years  ago  by 
Oliver  Lodge,  for  pr<.id«cing  Hertzian  waves.  An  oscillating  spark 
ia  produced  bet\Yeon  two  puliehwl  balls  set  between  two  condensers 
A  and  B,  each  nmdc  of  plates  of  sheet  zinc  (Fig.  7)  a  few  millimetn  s 
apart.  Their  external  circuit  is,  however,  led  into  tho  primary  of  a 
small  induction  euil,  the  secondary  of  which  goes  to  a  third  condenser 
C.  When  spaiks  from  the  Apps  «iil  are  sent  to  the  siwrk-gap,  tho 
oscillations  of  the  two  })rimary  condensers  set  up  secondary  oscilla- 


•  '  Wiedrmnnti's  Aniialcti,'  liiJ.  p,  144,  ISJM. 
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tiong  in  the  tbinl  condenser,  to  wbiob  a  vacuum  tube  c&n  be  connected. 
If,  DOW,  by  ailjusting  the  distances  between  the  plates  of  condensers 
we  tune  the  primary  ond  secondary  circuits  together,  the  electric 
oiicillations  that  roenlt  will  persist  mitcli  lauger  than  if  the  circaits 
are  nut  so  tuned.  Though  each  oscillation  may  last  lees  than  tba 
lOO-millionth  of  a  second,  there  will  be  at  each  spark  some  20,000  or 
30,000  oecillations  before  they  have  died  out.  Wiedemann  and 
Ebert  have  found  that  these  persistent  oscillations  aro  specially 
FMi*pted  to  excite  Inmineseeuce.  To  illustrate  the  poiut  I  select  here 
^^  old  Geissler  tul>e  with  a  comparatively  poor  vacuum.  When 
'  tthnulated  by  ordinary  sparks  directly  from  the  Apps  coil  through 
the  platinnro  electrodes  at  its  ends,  it  shows  the  usual  features  of 
Geissler  tubes  :  there  is  a  luniinous  column  cxtondinf^  through  tlio 
central  bulb  with  stratificatiDns  along  its  lengtln,  while  around  tho 
kathode  is  the  usual  violet  glow.  The  gla^s  shows  no  fluorescence.  I 
now  charge  the  connections,  uniting  the  wires  from  Kbert's  apparatus, 
not  to  tho  tenninal  electrodes  of  the  tube  but  to  two  patches  of  tin- 
foil stuck  upon  tho  outside  of  the  central  bulb.  Under  those 
conditions  the  electric  oscillations  illuminate  the  central  bulb  with  a 
glow  quite  different  from  that  previously  seen.  Beneath  each  patch 
of  foil  yon  can  discern  the  bluish  kathode  discharge,  and  the  glass 
Duw  shines  with  charactenstic  applc-grcen  fluorcBconce.  By  moving 
«aa  plate  of  one  of  the  condensers  in  or  out  1  alttir  tho  conditions  of 
reaozuuice  in  the  circuit;  aud  when  the  tuning  xa  best  the  fluuresceuco 
is  at  its  brighost.  Now  Wiedemann  observed  *  that  the  light  so 
generated  is  capable  of  exercising  a  photographic  action  and  of  other 
effects,  but  is  incapable  either  of  passing  through  a  thin  plute  of  Huor- 
■par  or  of  being  deflected  by  a  magnet.  These  rays  differed  thoreforo 
both  frou  ultra-violet  light  and  from  kathode  rays;  hence  Wiede- 
maun  pronounced  them  to  consist  of  a  new  species  which  he  named 
**  EntladuDgfistrahlen "  or  dischargo-rays.  It  is  again  a  matter  for 
reawrcb  to  determine  whether  Wiedemann's  rays  are  the  some  as 
Lenard's,  or  as  Roentgen's  rays.  Wiodenmun's  coadjutor  Ebert  wont 
oo  with  the  research  and  produced  on  this  jjrinciple  a  little  "  lumi- 
nsManoe  lamp"  having  two  external  rings  of  foil  as  eleutrodos; 
and  within  tho  vacuum  bulb  a  small  pastilc  of  phos{ihorGsccnt  stuff, 
which,  when  excited  by  tho  oscillatiouB  of  the  tuucd  circuits,  glows 
with  a  small  bright  light  Ebert  claims  that  its  cfiieioucy  is  many 
times  greater  than  that  of  the  ordinary  glow  lamp. 

Returning  now  to  Roentgen's  researches,  we  will  take  a  glance  at 
the  kiuil  of  tube  (Fig.  8)  which  he  was  employing  when  he  made 
his  diacoTcry  of  the  X-rays.  Its  general  resemblauco  tj  previous 
tubes  I  is  self-evident.  The  anode  was  a  piece  of  aluminium  tubo 
through  which  pasaed  tho  glass-covered  kathode  wire,  with  a  small 


*  •ZaitMbrift  fitr  Elcktrocliemie,'  Joly  l»<J5.p.  159. 
t  It  i*.  in  fttc-t,  identical  with  tba  rbrm  dcecribcd  by  Hertz  in  1883, 
'  WkdsBMon'*  AuDolcu.'  xix.  p.  810. 
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flftt  Blnminium   plate   on   its  extremity.     From  this  flat   plate  tbe 

kathode  rays  shot  forward  against  the  bulging  end  of  the  tube ;  and, 
without  any  alumiuium  windoiv  rays  whicli  uere  capable  of  exciting 

fluorescence,  found  their  way 
thruagh  tlie  <;ln.s8  walls.  Leoard 
liad  Bo  boxtxl  up  his  tube  with 
brass  cap  and  metal  case,  that  if 
anything  in  the  way  of  raya 
struggled  throDgh  the  glass  walla 
of  his  tube  he  might  not  notice  it 
Possibly  he  never  looked  for  it. 
Boentgcn  made  the  fortunate  ob- 
servation that  when  his  tube  was 
clofioly  covered  with  opaque  black  card  it  still  could  civuse  flaores-> 
cenoe  on  a  screen  covered  with  platino-cyanide  of  barium  on  which 
shadows  were  cast.  Fiom  seeing  the  eliadows  thus  to  securing  their 
imprint  permanently  on  a  photographic  plate  was  but  a  small  step, 
and  the  discovery  that  they  could  puss  freely  through  a  sheet  of  the 
metal  aluminium  whs  a  natural  result  of  an  inquiry  as  to  the  trans- 
piireucy  of  different  materials.  Aluminium  in  to  these  rays  much 
more  transparent  than  ordinary  glass.  No  lens  can  focus  thum,  uur 
mirror  reflect  them ;  and,  unlike  the  kathode  rays  within  the  tube, 
they  are  not  deflected  by  the  magnet. 

The  criterion  which  wo  have  nt  present  as  to  whether  any  rays 
from  any  other  source  are  or  are  nut  the  same  as  the  X-rays  is  that 
they  shall  bo  able  to  fulfil  the  following  four-fold  test : — They 
maitt  be  capable  of  exciting  luminescence ;  they  must  be  capable  of 
impressing  aii  image  on  a  photographic  plate  ;  they  must  be  capable 
of  passing  through  aluminium  ;  and  they  must  be  incajiable  of  being 
deflected  by  a  magnet.  In  addition  they  must — so  far  as  present 
evidence  goes — be  incapable  of  being  either  refracted  or  polarised. 
Any  rays  that  will  fulfil  these  tests  ranst  for  the  present  be  considered 
identical  with  X-rays. 

Now  it  has  becTi  suggested  that  the  X-raya  are  the  same  as  ultra- 
violet light.  This  IS  certainly  not  so,  ft)r  ultra-violet  light,  as  known  to 
US  by  the  researches  of  Stokes,  Tyudall,  Becquerel  and  Coritu,  will 
not  go  through  iiluminium  and  is  not  dellcctcd  by  a  magnet,  though  it 
will  excite  luminescence  and  ttiko  photographs.  Furthermore  ultra- 
violet light  can  be  rcfnictod  and  polarised. 

It  Las  also  been  suggested  that  tlio  X-rays  are  merely  invisible 
bent-rays.  But  this  is  certaiuiy  untrue  b!bo,  because  although  Abaey 
has  succoodod  in  taking  photographs  by  heat  rays,  they  wiU  not  go 
through  aUimiuiuiu,  are  not  deflected  by  the  magnet,  and  inataid  of 
exciting  phosphoresocnoe  they  destroy  it,  as  Goethe  found  out  nearly 
a  hundred  years  ago. 

Neither  are  they  Hertziau  waves  of  longer  period  than  the  heat 
waves. 

So  far  OS  is  at  present  known  there  is  no  other  way  of  producing 
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tbe  X-rays  tban  that  of  emplujing  the  Iiiglily  exbauBted  Tacuum  tube. 
They  are  not  fouud  in  the  light  of  ordinary  electric  sparks  in  air. 
They  are  not  discorerable  amongst  tlio  ruys  emitted  by  ordinary 
(reieskr  tubes  with  a  low  exbaustiou.  They  are  not  found  in  sun- 
light or  any  artificial  light.  Tbo  arc  light,  though  it  yields  rays 
that  will  give  photographic  shadows  through  a  thin  pinc-woo<l 
board,  yields  no  rays  that  will  pass  through  aluminiiini.  The  only 
other  rays  that  seem  to  como  within  reasonable  possibility  t>f  being 
X-rays  are  the  Lenard  rays,  some  of  which  are  probably  identical 
with  Hoentgen's ;  tho  Wiedemann  rays,  tvhich  are,  ao  far  as  yet  iuvesti- 
gsied,  entirely  similar  ;  and  the  Becqnerel  rays,  to  which  some  allneion 
will  presently  be  made.  It  will,  however,  bo  oonTenient  hero  to 
present  a  synoptic  table  (seo  p.  208)  of  the  various  kinds  of  rays  and 
their  respective  physical  properties. 

One  other  physical  property  of  tho  X-rays  has  been  discovered 
since  the  publication  of  Roentgen's  researcli.  It  was  discovered 
BimultaueouBly  in  Cambridge  (by  Professor  J.  J.  Thomson),  ^n  Paris, 
in  Bologna,  and  in  St  Petersburg,  that  these  X-rays 
will  canse  tbe  disclectrifioation  of  an  electrified  body,  no 
matter  whether  it  is  positively  or  negatively  charged.* 
That  ultra-violet  light  can  diselectrify  bodies  that  havo 
been  negatively  charged  was  previously  known  from  the 
reaearchea  of  Hertz,  and  of  KlsttT  aud  Geitcl.  This 
fruh  discovery  that  X-rays  wUl  ako  discharge  a  potii- 
tive  electrification  sets  up  a  now  physical  test.  Lot  me 
show  yon  a  simple  piece  of  apparatus  which  I  have  found 
very  convenient  for  tho  purpose  of  demonstrating  this 
discovery.  It  is  an  aluminium-leaf  electroscope  (Fig.  W) 
l^^tirely  shielded  from  all  external  electrostatic  influeuces 
1^  being  enclosed  in  trans|)arent  metallic  gauze.  It 
is  so  well  shielded  that  even  when  the  cap  is  removed 
it  csnnot  be  charged  in  tbe  ordinary  iudnctivo  way,  but  must  bo 
electrified  by  direct  conduction.  The  aluminium  leaves  hang  at  tho 
■db  of  a  fixed  central  pluto  as  iu  Exner's  electroscope.  The  cou- 
ittiuog  veKscl  is  of  thin  Bohemian  glass.  On  exciting  the  iuHtru- 
■eat  positively  from  a  rod  of  rubbed  glass,  or  negatively  from  a 
md  of  rubbed  celluloid,  the  leaves  diverge.  In  either  case  as  soon 
as  tbe  X-rays  are  caused  to  shine  upon  the  instrument  the  leaves  fall. 

It  occurred  to  me  that  by  thu  aid  of  this  property  of  dtBelcctrifica- 
tion  it  might  be  pOhsiblo  to  prudnco  electric  shadows  without  having 
iTSort  to  any  photograpLy.  Yon  are  aware  that  if  the  surfaco  or 
any  part  of  tho  surface  of  a  body  is  electrified,  the  fact  that  it 


*  It  U  of  grmt  inli>r«<it  to  note  that  this  identical  property  hud  been  observed 
If  Lenwd  a  y<--'  'ly  u  ao  effect  of  hi^'  rava.     He  found  tlicv  would  dis- 

vsargvan  el«ct  '  loaed  in  ■  metul  cliHinbcr,  witb  an  aluiiiiiiiuiti  tihect  iu 

boot,  whether  )i<>fiii><;i>  or  uegutivuly  charged,  aud  ut  a  distauce  c>f  30  couti- 
Bctns  fma  hU  tnb«. 


208 


'Brofutar  SHoomhu  P.  Tkumgtfam 


[M»y8, 


H 

^ 
t 


SeS 
<35| 


I 


8     3     8 


!§ 


8     8     8 

>.        >,        >4 


e      8     ^ 
Sz;    >:    iz: 


11^1 

1 

1   ;§ 

•            • 

1    5 

:    ^« 

|iS  e| 

: 

:      5 

:    I 

:    ^ 

: 

Affect 
Spark 
Ltngth. 

^ 

.     8 

.     8 

:    5 

:      : 

S3     *       '  S^^ 


5  ,5 


0^ 


%1 

& 

il    1 

: 

: 

: 

: 

: 

1 

Canae 
Photo- 
graphic 
Action. 

5 

:      : 

1 

;H 

^ 

1 

^ 

;S 

hi 

: 

^    Jl 

a 
'i 

8 

1 

OB 

01 

si 

o      o 


S      8      8 
p^     in     » 


,£3 

n 

00 

• 

" 

"3 

.to 

T3 

is 

r 

1 

0 
c 

g 

c> 

2 

« 

-s 

7 

b 

^ 

5 

5 

ii 

1 

M 

1 

1    2 


on  Electric  Shadotoa  and  Lumineecence. 


209 


■■  electrified  can  be  ascerUined  by  dasting  over  it  mixed  powders 
■if  red  load  and  sulphur  (or  red  lead  and  lycopodium).  With  the 
kd  of  Mr.  Miles  Walker,  who  has  worked  with  me  all  through  this 
matter,  I  have  succeeded  in  producing,  on  this  plan,  well-defined 
shadows  which  will  now  bo  demonstrated  to  you.  A  clean  sheet  of 
ebonite  freed  from  all  traces  of  previous  electrification  by  being 
passed  through  a  spirit  flame  is  laid  on  a  properly  prepared  metal 
table.  On  it  stands  a  small  tray  of  thin  aluminium  supported  on 
four  insulating  logs.  In  this  tray  is  placed  the  object  whose  shadow 
is  to  be  cast,  for  example  a  pair  of  scissors  or  an  object  cut  out 
in  sheet  lead.  Orer  this  again  is  placed  a  leaden  cover  with  an 
opening  above  the  tray:  the  leaden  cover  being  designed  to  cut 
off  electrostatic  influences  which  might  interfere.  The  tray  is 
tlMD  electrified  by  a  small  influence  machine,  and  while  it  is  so 
eleetrified  X-rays  are  sent  downwards  from  a  Crookes  tube  placed 
above.  They  pass  down  through  the  aluminium  tray  and  carry 
ita  electrification  to  the  ebonite  sheet,  which  therefore  becomes 
eleetrified  all  over  except  in  the  parts  which  are  shielded  by  the 
fleiBtors  or  other  metallic  object.  The  sheet  of  ebonite  is  then  re- 
moved from  the  leaden  enclosure,  the  aluminium  tray  lifted  off, 
and  the  mixed  powders  are  dusted  over,  adhering  to  the  surface  of 
the  ebonite  and  revealing  the  otherwise  invisible  electric  shadow. 
Fig.  10  is  a  shadow  taken  in  this  way.  It  is  but  right  to  mention 
that  Professor  Right,  of  Bologna,  has  independently  obtained  electric 
dost  ahadowB  in  a  very  similar  way  since  these  experiments  of  mine 
were  begun. 

This  will  be  a  convenient  place  to  mention  a  new  effect  of  X-rays 
which  I  have  recently  observed  and  which  is  set  down  in  the  table. 
When  X-rsys  fall  upon  a  metal  object  electrified  by  an  influence 
machine,  they  produce  some  curious  chan^^es  in  the  nature  of  tho 
dieohargo  into  the  air.  If  the  body  is  already  discharging  itself  from 
some  edge  or  comer  in  an  aujretle  or  brush  disoharge  (visible  in 
darkneaa  only)  the  size  and  form  of  the  aigrette  is  much  altered. 
^  Under  some  circomstauces  not  yet  investigated,  the  incidence  of 
^-raya  canees  the  aigrette  to  disappear;  under  others  the  X-raya 
»rovuke  ita  appearance. 

Since  the  publication   of  Boentgen's  research  tho  most  notable 

Ivanoe  that  has  been  made  has  been  in  tho  direction  of  improving 

tubes.    Roentgen  himself  has  mostly  employed  a  pear-shaped  tube 

ith  a  flat  circular  kathode  near  the  top,  producing  a  beautiful  fluor- 

eeccnce  of  the   lower  part  of  tho  tube.     He  carefully  verified  the 

flifMUBftADOo  that  the  X-rays  originate  at  that  portiun  of  the  glass 

nAoe  which  receives  tho  impact  of  the  knthodic  dlBcharge.     They 

appear  in   fact   to  be  generated   at   the   place  where   the  kathode 

diKhargo  first  impinges  upon  the  surface  of  any  sidid  body.     It  is 

ftBot  neoeeaary  that  tho  substance  which  is  to  act  aa  emitter  of  the 

B-nja  ahonld  become  fluorescent.     On  tho  contrary,  it  appears  that 

pbe  best  radiators  are  substances  that  do  not  fluoresce,  namely  the 

I      Vol.  XV.     (No.  90.)  y^^^ 
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metals.  I  have  fotmd  zinc,  magneBium,  aluminiam,  copper,  iron  and 
platinum  to  answer — the  last  two  best.*  Mr.  Porter,  of  UniTereity 
College,  and  Mr.  Jackson,  of  King's  Collego,  have  independently  found 
out  the  merits  of  platinum  foil,  the  former  using  an  old  Crookes  tube 
designed  for  showing  the  beating  effect  of  the  kathode  discharge  when 


concentrated  by  a  concave  kathode.     On  the  table  are  some  o 
experimental  forms  f  of  tubes  I    have  used.     The  best  results 
found  when  the  katbodio  discharge  is    directed  against  an  interior 


ifthsB 
is  are^^ 


*  [Tb«  nutbor  haa  sincfl  found  metallic  tiranjuia  to  aurposs  all  othur  moUl*.] 
t  )Seo  *  Pbiloeapbicol  Mnguzine,'  August  1896,  p.  1G2. 
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piece  of  metal — preferably  platinnm — which  T  term  tbo  antikatliode  • 
Mt  obliquely  opposite  the  kathode,  and  which  serves  as  a  radinting 
•urfaoe  from  which  the  X-rays  are  emitted  in  lUI  ilircctious.  When 
experimeDtiag  with  various  forms  of  tube,  I  have  spent  much  time  in 
watching,  by  aid  of  a  fluorescent  screen,  their  emissive  activity  during 
the  progress  of  exhaustion.  As  already  mentioned.  X-rays  are  not 
until  the  stage  of  mioimimi  internal  resistanco  baa.  been 
As  the  exhaustion  advances,  while  resistance  rises  and  spark 
tb  increases,  there  is  noticed  by  aid  of  the  screen  a  lumiuosity  in 
balb,  which,  faint  at  first,  seems  to  come  both  from  tbo  front  face 
'  the  bit  of  platinnm  that  serves  as  antikathode,  and  from  the  bacK 
iace;  an  oblique  dark  line  (Fig.  11),  corresponding  to  the  plane  of 


I 


Fio.  U. 


Fjc.  12. 


the  tntikathode,  boing  observed  in  the  screen  to  separato  the  two 
Inminuaa  regions.  On  slightly  increasing  the  exhaustion  the  omis- 
sion uf  X-rays  from  the  back  of  the  antikalhude  ceases  while  that 
from  the  front  greatly  increases  (Fig.  12),  and  is  quite  briglit  right 
np  lu  the  angle  delimited  by  the  pkue  of  the  antikatbodo.  Tbcre  is 
■oaMthiag  mysterious,  needing  careful  invcBtigation,  in  this  lateral 
MiMon  of  X-rays  under  the  impact  of  the  kathode  discharge. 

Of  all  tbo  many  forms  of  tube  yet  produced  none  has  been  found 
to  mnMUHl   the  particular  pattern  devised    by  Mr.  Sydney  Jackson 


*  CoiDptcs  ReuduB,  czxii.  p.  807. 
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(Fig.  13),  and  known  as  the  "  focus  tube."  It  was  with  snch  a  tohe 
that  I  showed  ynii  at  the  outeet  the  fundamental  experiments  of 
Roentgen.  A  concave  polished  kathode  of  altirainium  concentrates 
the  kathodic  discharge  upon  a  Email  oblique  sheet  of  platinum,  which, 
while  acting  an  antikathode,  serves  at  the  aame  time  as  anode.  Not 
onlj  does  the  concentration  of  tho  kttthodio  discharge  npon  the  metal 
cause  it  to  emit  X-rays  much  more  vigorously,  but  it  also  has  the 
effect  of  causing  them  to  be  emitted  from  a  comparatively  small  and 
definite  source,  with  the  result  that  the  shadows  cast  by  opaque  objects 
are  darker.  [Photographs  were  then  thrown  upon  the  screen,  those 
taken  with  "  focus  "  tubes  showing  remarkablo  definition  of  detaiL 
Some  of  these  were  by  Mr.  J.  W.  Giffon ;  others,  showing;  diseased 
bones,  &c.,  taken  by  the  lecturer,  and  some  by  Mr.  Compbell-Swinton^^ 
and  by  Mr.  Sydney  Rtjwliind,  were  also  projected.]  ^^ 

The  objection  Las  been  taken  that  in  tlteao  shadow  photographs  it^* 
is  impossible  to  dislioguish  the  purta  that  are  b'jhind  from  tljose  that 


Fio.  13. 


are  in  front.  In  a  sense  that  is  bo.  But  I  venture  to  say  that  the 
objection  not  only  can  be  got  over  but  has  been  got  over.  I  cannot 
show  the  proof  of  my  agsertiou  upon  the  screen,  because  I  cannot  put 
upon  tho  screen  a  stereoscopic  view.  Bat  here  in  my  hand  is  the 
Roentgen  stereograph  of  a  dead  tamo  rabbit.  Two  views  were  taken, 
in  wlitch  the  X-rays  wore  thrown  in  two  diflerent  directions  at  an 
angle  to  one  another.  When  these  two  views  are  stereoscopicallj 
combined,  you  observe  the  rabbit's  body  with  the  lungs  and  liver  inside 
in  their  relative  positiouB.  The  soft  organs,  which  cast  faint  shadows 
almust  indistinguishable  amid  the  detail  of  ribs  and  other  tissues, 
now  detach  themselves  into  different  fdanea  and  are  recognisable 
distinctly.  I  now  send  up  for  projection  in  the  lantern  the  two 
photographs  that  were  taken  at  tho  beginning  of  my  disconrse,  and 
wliich  liave  in  the  meantime  been  developed. 

Turning  back  to  tho  phenomena  of  I  limine  Bcence,*  permit  me  to' 


•  Tliis  very  ronvenient  term  was  suggested  Bomo  six  yeani  ago  by  Wiede- 
mKim,  to  denote   the   miiny  (ihenomrnK    known    TRrionsly  b«    fluorrtpenoe  or  J 
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draw  your  attention  to  the  accompanying  table  of  the  different  kinds 
of  lumineeoeoce  with  which  the  physicist  has  to  deal. 


TABLE  ir. 


PkenomtnoH. 
1.  ChfliDi-luniuuBr«nce 


2.  rboto-|nniine«ct<n«] : 

(a)  ImuUnt  —  Klaomoenoe 


(6)  p«r«u<«m<  =  Phoaphoreacence 


3.  TltenDO-InmincMcnoe 

4.  Tnbo-lamineMMice.. 


5.  Electro-lnininaioetioe : 

(a)  KflhiTio-liimuieBcenoe  .. 


Qt)  Katho(Io-lamineMenc« 


Sttbttanre  in  tchieh  it  orcura. 
Phc>!<pb»rU8   oxiiliaing    in    nioiHt   air; 
decavint;  wood  ;  decaying  fliih ;  glow- 
worm ;    tire-fly ;   mArioo    orgauiama, 
Aa 

Fluor-«pftr;  nmniam-f^InBa ;  quinine; 
Bchculite;  pktinrt-c^-anjdea  of  viirioaa 
buea ;  eosin  and  many  ooal-tar  pro- 
ducts. 

~  s  phosii 

and    other    sulphidca    of    aikoliDii 
earths ;  aomo  dUmondii,  Ac. 

Seheelite:  fluor-apar. 

Diamonila  ;  anKar;  umnyl  nitrate  : 
pentndacylporatolyiketouo. 

Many  rareflod  f^es;  lunny  of  Hic? 
fluorescent  and  ptiosphorL-uocnt 
bodies. 

BubicB,  glnBB,  dinmonda,  many  genis 
and  minetula. 


6.  Ckyslallo-lnminoaocnoo Anenious  acid. 

7.  Lyi^Iainlnesoencs Sub-cldorides  or  alkali-metals. 

8.  X>latntncacenc«       Platiuot-yanideH,  schculite,  iHc 


Yon  will  note  the  names  given  to  discriminato  from  one  another 
the  Tarions  sorts  of  luminescence.  Cberni-liiininc8c^'tico  denotes  ttmt 
doe  to  chemical  action,  as  when  phosphorus  oxidises,  or  when  the 
gjUrw  womt  emits  its  cold  light.  Then  th<^re  is  the  photo-liiini- 
BMOOWMSof  the  bodies  which  shiiio  when  they  are  shnnonpon.  There 
ia  the  thtmno-lumineBCOnce  of  the  bodies  which  shiuo  when  heated. 
Then  is  tribo-luminescence  caused  by  certain  substances  when  they 
ftre  robbed.     There  is  the  katbodo-luminescence  of  the  objects  placed 


pbospbomoeoer.  It  refcn  to  all  those  oases  in  which  light  ia  produced,  whether 
Tindtr  tits  sMinoina  of  electiie  discharge,  of  hint,  nf  prior  exposure  to  illumiiui- 
limi  or  of  rilMMliial  aotioD,  and  the  like,  in  which  IIil-  li^ht  in  cmitletl  at  ii  Inwur 
■ra  than  tliat  which  would  be  uccciajry  it'  it  wcri:  to  be  uniitlcd  by 
I  of  inouidtaesnw. 
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in  a  Crooltcs  tul)0.  Tliero  is  tlie  crjstallo-lmnincsconcc  of  certftin 
niatoriiik  Avhoii  tliey  boromo  solid;  aud  tho  lyo-lnniinescenco  of 
oertaiii  otlior  materials  'when  tbey  are  dJBSolvcd.  Lastly,  there  is 
tho  X-luininosceuce  set  up  by  tlie  X-rays. 

Pausing  ou  pboto-luminescence,  here  is  an  oxperiment  to  illustrate 
the  difforcnw  between  its  two  varieties,  pboBphorescence  and  fluor- 
escence. Light  from  an  arc  lamp,  filtered  from  all  rays  except 
violet  and  ultrft-vii)lct,  is  thrown  njitm  a  disk  to  which  rapid  rotation 
is  given  by  an  electric  motor.  Tho  diHk  is  painted  with  two  rings, 
one  of  sulphide  of  calcium,  tho  other  of  tuivgstatc  of  calcium.  Though 
tho  light  falls  only  on  one  patch  you  note  that  the  sulphide  shows  a 
continuous  ring  of  blue  light,  for  tho  omission  of  light  persists 
alter  tho  stuff  has  passed  out  of  the  illuminating  rays.  The  tungstato, 
un  tho  olhor  Land,  shows  only  a  abort  trail  of  light,  the  rest  of 
the  ring  be:ng  uou-lumtnous,  since  tungstato  has  but  Httlo  persistence. 
The  light  Las  in  fact  died  out  before  the  stuff  has  passed  a  quarter  of 
an  inch  from  tlio  illmninaHug  beam.  Tliis  is  a  sort  of  pbosphoro- 
Bcopc  designed  to  show  how  long  difl'ereut  materials  will  omit  light 
after  Ihcy  have  been  sbouo  upon.  Those  which  show  only  a  tem- 
porary liiininescenco  are  callorl  fluorescent,  while  those  with  poreis- 
tent  liiminesconce  aro  called  plioapborescent,  For  many  years  it 
bas  been  known  that  some  diamonds  aro  phoBjihorescont.  Three  such 
are  Lerc  shown,*  which,  after  exposure  of  one  nn'uuto  to  tho  arc  light, 
shine  iu  the  dark  like  glow-worms.  The  most  highly  phosphoresceDt 
nTatorial  yet  i>roduced  is  an  artificial  preparati<in  of  sulphide  of 
calcium  man ufactii roil  by  Mr.  Home.  Tlie  specimen  exhibited  has  a 
candle-power  of  about  f'ff  candle  per  squaro  inch  after  exposure  for 
a  few  secunds  to  direct  sunlight;  but  tho  brilliancy  rapidly  dies 
away,  though  tlicro  is  a  visible  luminescence  for  many  days.  This 
substance  is  tdm.}  brightly  luminescent  iu  a  Crookes  tube,  and  less 
brtglitly  under  the  influence  of  X-ruys. 

lluny  BubstauccG,  notably  fluor-spar,  have  tho  property  of  thermo- 
lumiucsconco,  that  is  they  shino  in  the  dark  when  warmed.  Powdered 
fluor-spar  dropped  upon  a  Lot  shovel  emits  bright  light.  If,  however, 
tho  spar  is  hcnted  to  a  temperature  considerably  below  red  bc;vt  for 
Bomo  hours,  it  apparently  comes  to  on  end  of  its  store  of  luminouB 
energy  and  ceases  to  ehiuo.  Such  a  sjiccimcn,  even  after  being  kept 
for  some  months,  refuses  to  sbine  u  secoml  time  AvLen  again  heated. 
It  has,  however,  long  been  known  that  iLo  property  of  luminescing 
when  warmed  can  bo  restored  to  Ibu  sijuir  by  passing  a  few  electric 
sparks  over  it,  or  by  expoping  it  to  liie  bilcnt  discharge  or  aigretta 
AViedcmauu  having  found  that  the  kiithodu  rays  produce  a  similar 
effect,  it  occurred  to  mo  to  try  to  lind  out  whether  any  of  these 
X-rays  also  would  revivify  tbermo-lumiueseonco.  I  Lave  found 
that  on  exposure  for  twenty  minutes  to  X-rays,  a  sample  of  fluor-spar 
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*  Kiudly  luiit  by  Dr.  J.  U-  (iladalflnc,  F.E.S. 


1896.] 


on  Electric  Skadoua  and  Luminetcence, 


su 


which  had  loet  its  tbenno-lQiiiineBcent  property  by  prolonged  heatiBg 
was  partially  thouj^h  not  completely  roviviiied. 

I  referred  earlier  to  tbo  rays  recently  discovered  by  M.  H. 
Beoquerel.  In  February  last  M.  Becquerel,  and  independently  I 
myself,*  made  the  observation  that  uranium  salts  emit  some  rays 
which  very  closely  resemble  the  X-rays,  since  they  will  pass  through 
aluminium  and  produce  photographic  action.  It  remains  to  be  seen 
whether  these  rays  are  identical  with  those  of  Roentgen. 

Finally,  let  me  briefly  exhibit  two  results  of  my  own  work. 
There  is  now  shown  (Fig.  14)  the  photographic  shadow  of  two 
half-hoop  ruby  rings.  One  of  them  is  of  real  rubies,  the  other  of 
imitation  stones.  By  artidcial  light  it  is  difficult  to  distinguish  one 
from  the  other,  but  when  viewed  by  the 
X'fBys  there  is  no  mistaking  the  false 
for  the  true.  The  real  rubies  are  highly 
,  tnuupu<ent,  those  of  glass  are  practically 
op»qii«. 

After  gaining  much  experience  in  judg- 
ing by  photography  of  the  relative  trans- 
pareocy  of  materials,  I  made  a  careful 
raaearch  f  to  discover  whether  these  rays 
oa  be  polarised.  At  first  I  used  tuur- 
moUnefl  of  various  thicknesses  and  colours. 
More  recently  I  have  tried  a  number  of 
other  dichroio  substances,  andalusite,  sul- 
phate of  nickel,  of  nickel  and  ammonium, 
■olpluite  of  cobalt,  and  the  like.  The 
method  used  for  all  was  the  following. 
A  alioe  of  the  crystal  was  broken  into 
three  parts.  One  part  was  laid  down,  and 
upon  it  were  superposed  the  other  two  in 
mcb  a  way  that  in  one  the  crystallographio  axis  was  parallel,  in 
the  other  perpendicular,  to  the  cryBtollographic  axis  in  the  first 
piece.  If  there  were  any  polarisation  the»  double  thickness  where 
croMed  in  structure  would  be  more  opaque  than  the  double  thick- 
nets  where  the  structure  was  parallel.  Not  tbo  slightest  trace  of 
palariaation  could  I  observe  in  any  case.  Of  numerous  other  ob- 
■ei»ciH  who  have  sought  to  find  polarisation,  none  bos  yot  produced 
%  BBgle  onoonteetable  case  of  polarisation. 

At  tho  present  moment  interest  centres  around  the  nse  of 
iMBJinaiMint  screens  for  observing  tho  Roentgen  sliadows,  and  in  this 
<Btaalkm  tome  advances  have  been  claimed  of  late.  It  should, 
fcoavvw,  not  be  forgotten  that  Roentgen's  original  discovery  was  made 
wilh  a  screen  covered  with  platino-cyanide  of  barium.  Hero  is  a 
pwoe  of  card  covered  with  patches  of  several  different  kinds  of  lumi- 


FiQ.  14. 


•  Bee  '  PhilcMophica]  Magazine  ' ;  Jaly  1896. 
t  Ih.  AagttBt  18SW. 
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nesoent  ptni&,  Bover&l  platino-cyanirles.  ecverftl  snlphides,  and 
BonipleB  of  timgatate  of  calcium.  Of  theso  materials  the  brightest 
in  InniinefloeDoe  is  the  faydrated  platino-cjanide  of  potassium  em- 
ployed by  Mr.  Sydney  Jnckson  ;  the  next  brightest  is  a  French  gample 
of  plalino-cyanide  of  barium ;  platino-cyanide  of  strontium  coming 
third. 

Using  a  focus  tube  of  Mr.  Jackson's  improved  pattern,  enclosed 
in  a  box  with  a  cardboard  front,  and  taking  a  platino-cyanide  screen, 
I  am  able  in  conclnsion  to  demonstrate  to  all  those  of  my  audience 
who  are  within  a  few  feet  of  the  apparatus,  the  facts  that  have  so 
startled  the  world  Ton  can  see  the  bones  of  my  hand  and  of  my 
wrist.  You  can  see  light  between  the  two  bones  of  my  forearm  ; 
while  metal  objects,  keys,  coins,  scissors,  &c.,  enclosed  in  boxes, 
omboddod  in  woo<l  blocks,  or  locked  up  in  leather  bags,  are  plainly 
visible  to  the  eye. 

Whatever  these  remarkable  rays  are,  whether  they  are  vortices  in 
the  ether,  or  longitudinal  vibrations,  or  radiant  matter  that  baa 
penetnitod  the  tube,  or,  lastly,  whether  they  consist  simply  of  ultra- 
violet light,  their  discovery  affords  us  one  more  illustration  of  the 
fact  that  there  is  no  finality  in  Bcience.  The  universe  around  us 
is  not  only  not  empty,  is  not  only  not  dark,  but  is,  on  the  contrary, 
absolutely  full  and  palpitating  with  light:  though  there  be  light 
which  our  eyes  may  never  see,  and  sounds  which  our  ears  may  never 
bear.  But  science  has  not  yet  pronounced  its  last  word  on  the 
hearing  of  that  which  is  inaudible  and  the  seeing  of  that  which  is 
invisiblo. 

[S.  P.  T.] 
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WEEKLY  EVENING  MEETING. 
Fridaj,  May  16,  1896. 

Sib  Fbzdkriok  Bbahwkll,  Bart.  D.G.L.  LL.D.  F.RS.  Honorary 
Secretary  and  Vice-President,  in  the  Cbair. 

Alkxahdxb  SiJtuxHS,  Esq.  M.  Inst.  C.E.  M.E.I. 
CahU  Laying  on  the  Amazon  Biver. 

Wrk5  it  had  been  decidod  to  connect  Belera,  tho  cupital  of  the  State 
«f  Para,  by  means  of  a  subflavial  cable  with  ManaoB,  the  capital  of 
tho  State  of  Amazonas,  a  preliminary  jouruey  became  ueccBsary, 
jving  which  landing  places  at  the  various  intermediate  Btations  had 
to  be  selected,  some  reaches  of  tho  river  explored,  as  no  reliable 
dtuta  exist,  and  various  other  details  ascertained  in  order  tu  facilitate 
tHe  laying  of  the  cable.  This  preliminary  surrey  took  place  in 
Oetobcv'  of  last  year  during  the  hottest  season,  when  the  river  was  at 
it« lowest ;  trhile  the  cable  ^va9  laid  during  January  and  February  of 
this  year,  when  the  rainy  season  bad  commenced  and  the  river  was 
riaio^ 

The  difference  in  temperature  between  the  two  journeys  was  on 
tbc  average  not  more  than  about  5^°  Cent.  (10°'  Fabr.),  bat  a  great 
•dvuilage  daring  the  laying  was  tho  almost  continuous  prosonce  of 
doodi,  which  mitigated  the  fierce  heat  of  the  sua  and  kept  the  tem- 
PauBtore  at  a  very  pleasant  level. 

A  diagram  on  the  next  page  shows  the  curves  of  the  variation  in 
kturo   during   the   cable-laying   expedition,  giving   the  daily 

IQID  and   minimum  temperature   registered  by  a  thermometer 

IkBiiig  op  under  the  officer's  bridge  in  the  open  air,  but  sheltered  from 

***•  ren.     The  third  carve  represents  the  temperature  of  the  water, 

J''lricli  was  measured  by  a  thermometer  on  the  refrigerating  machine, 

^Xed  at  a  point  where  the  water  pumped  in  from  outside  Hret  enters 

^*ko  bachitte.     Besides  the  date,  the  places  where  the  observations 

^*n  taken  are  marked  on  tho  diagram,  and  it  will  at  once  be  noticed 

^<»w  very  equable    the  temperature    was  on   the  main  river.     The 

^VetutionB   in  the  air  temperature  mustly  indicate  the  abseuco  or 

PUMuee  of  clouds,  but  the  water  tumperaturo  remained   perfectly 

*QHlut  during  the  whole  time  spent  on  tho  upper  reaches  uf  tho 

'^i  flu  proximity  of  tho  sea  lowering  the  temperature  only  to  a 

^adlnlcni. 

A  ^AOoO  •!  the  nap  of  Soath  America  explains,  without  much 
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oomment,  how  immense  the  Tolnme  of  water  most  be  which  is  col- 
lected from  an  area  measuring  more  than  2^  million  sqnare  miles,  for 
the  most  part  covered  with  dense  forests;  and  it  follows  that  the 
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temperature  of  such  a  body  of  water  cannot  be  seriously  affected  by 
the  daily  variations  of  temperature  indicated  by  the  first  two  cnrves. 
It  ia  extremely  difficult  to  realise  the  truo  proportions  of  this  river, 
but  the  oomparative  table,  in  which  the  dimensions  of  the  principal 
rivers  of  the  various  continents  are  contrasted  with  those  of  tho 
Amazon,  will  help  to  show  the  importance  of  this  great  system  of 
natural  waterways. 


^liajste. 
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Area  of  Great  Britain  nsdlrelaod 120,626 

„      Brilijh  India        1,560,160 

„      Bnual 3,219,000 

..      Enropo 3,790.000 

With  several  other  largo  rivers,  the  Amazon  shares  tho  fate  that 
iU  name  changes  several  times  during  its  long  course,  and  that  at 
variutM  times  different  affluents  have  been  considerod  to  bo  the 
troo  nooTce  of  the  main  stream.  Most  geographers,  however,  reganl 
the  Maranon  as  tlie  principal  river,  a  branch  of  which,  called 
Taagiuagaa,  rises  in  Lake  Lanricocha,  in  Peru,  in  10^  30'  8.  lat.,  and 

■  To  Korce  of  Miuouri,  4300  miles.  *  At  Santoffl 

*  Kudasive  of  tribntariea.  *  At  Toddington. 

*  To  aounea  of  Apuriioac,  3415  milc«. 

*  Aecording  to  Dr.  John  Murray. 

*  Acoording  to  D;irby,  th«  Anterican  bydrogroplicr. 

*  Ac«ording  to  Dr.  Lauro  Sodiu. 
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76'  10'  W.  long.,  although  the  "Dcayale.  where  it  unites  with  the 
Moranon  at  Nauta  (1°  S.  lat.,  73°  W.  long.),  is  quite  as  important  as 
the  Maranon.  If  the  greatest  distance  frum  tlio  niuuth  is  to  decide 
the  question,  then  the  source  of  the  Apurimac,  ao  affluent  of  the 
Ucayale,  can  lay  claim  to  being  the  origin  of  the  Amazon,  rising  in 
Peru  in  16"  S.  lat.  and  72°  W.  long 

From  the  Lake  Lanricocha  the  main  direction  of  the  Tanguragua 
and  the  Maranon  is  to  the  N.N.W.,  until  the  river  turns  eastward, 
and  shortly  after  passing  Jaen  breaks  through  the  Andes,  entering 
the  plains  of  the  Amazon  valley  by  the  Falls  of  Mausericbe,  a  short 
distafice  west  of  Borja,  Its  further  courise  is  a  little  north  of  east, 
until  it  pours  its  yellow  waters  into  the  Atlantic  nuder  the  equator 
between  the  Cabo  do  Norte  and  the  Cabo  Magnari,  which  are  158 
miles  apart.  This  distauco  is  just  about  equal  to  the  distance  from 
Land's  End  to  Cape  Clear  in  Ireland,  or  from  Brighton  to  Falmouth. 
Even  west  of  the  island  of  Cftviano,  which  lies  in  the  mouth  of  the 
river,  together  with  the  island  of  Mexiana  and  several  smaller  ones, 
the  width  of  the  main  stream  is  over  50  miles,  equal  to  the  distance 
from  Portland  Bill  to  the  Cap  de  la  Hague.  The  part  of  the  Amazon 
flowing  north  of  the  Island  of  Morajo  may  therefore  be  compared  in 
Tvidth  to  the  Channel,  but  in  depth  and  volume  of  water  it  far  sur- 
passes iL  It  is  a  disputed  question  whether  the  water  flowing  south 
of  Marajo,  commonly  called  the  Pari  river,  should  be  considered  as 
part  of  the  Amazon  or  not.  A  network  of  natural  canals,  "the 
narrows,"  connects  the  two  waterways  west  of  Marajo,  but  the 
influence  of  the  tide  makes  it  diSicult  to  decide  whether  part  of  the 
water  of  the  Amazon  finds  its  way  south  of  Maraj<5  or  not.  Along 
the  old  course  of  the  Amazon,  commencing  at  the  foot  of  the  Andes, 
a  similar  network  of  islands  and  canals  is  formed  on  both  sides  of  the 
river,  as  the  whole  country  is  almost  level,  and  is  consequently 
inundated  during  the  rainy  season  for  hundreds  of  miles  by  the  rivers 
flowing  through  it.  The  most  notable  exception  tu  this  general  state 
of  things  occurs  at  Obidos,  where  the  whole  volume  of  water  is  com- 
pressed into  one  channel  a  little  over  a  mile  wide,  and  said  to  be 
about  forty  fathoms  in  average  depth. 

A  sounding  taken  opposite  OhidoB,  about  a  third  of  the  distance 
across  the  river,  showed  a  depth  of  58  fathoms,  measured  by  a  steel 
wire  and  Sir  William  Thomson's  sounding  machine.  As  the 
current  of  the  river  averages  three  knots  in  the  main  channel,  it  is 
not  easy  to  take  soundings  by  an  ordinary  lead  line,  and  even  with 
the  steel  wire  an  extra  heavy  weight  f  83  lbs.)  has  to  be  employed,  or 
the  results  are  not  reliable.  Besides  the  wire  sounding  mtu:hine, 
James's  Submarine  Sentinel  was  «se<l  on  the  preliminary  voyage, 
wherever  serious  doubts  existed  about  a  channel  through  which  the 
cable  was  to  bo  laid.  Usually  the  sentinel  was  set  at  five  fathoms, 
and  when  it  struck  a  bar  the  ship  was  stopped,  and  a  series  of  soundings 
taken  to  ascertain  the  exact  depth  uf  water  and  the  extent  of  the 
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shallow  place.  A  further  diiBcnlty  in  soonding  originated  from  the 
6oft  nature  of  the  soil,  which  for  the  greater  part  of  the  Amazon 
Talley  is  alluvial  clay,  and  allows  the  lead  to  sink  into  it  for  several 
feet 

In  the  narrows  there  appears,  however,  a  bank  of  hard  clay, 
called  Tabatinga,  which  unfortunately  blocks  nearlj'  all  the  branches 
of  the  narrows  and  creates  bars  all  along  the  course  of  tbo  Tajipuru, 
the  main  westerly  waterway  connecting  to  the  Gnrupd  branch  of  the 
m^in  river.  Occasionally  the  some  hard  clay  forms  shallows  in  the 
main  river,  but  as  a  rule  the  section  of  all  the  channels  resoniblee 
the  cmpital  letter,  U>  i-^*  the  sides  are  very  steep  and  the  bottom 
flat.  In  this  respect,  as  in  many  others,  the  Amaztm  differs  entirely 
from  the  Indian  rivers,  which  build  up  their  beds  above  tho  aur- 
ronnding  country,  occasionally  breaking  through  their  natural 
banks  and  seeking  a  new  bed.  The  Amazon,  on  the  other  hand, 
carries  with  it  only  the  light  clay  sediment  which  forms  the  soil 
of  the  whole  valley,  and  the  inducement  for  the  main  stream  to 
alter  its  course  is  therefore  very  small,  and  long  straight  reaches 
are  the  roflult. 

Under  those  circnmBtanoee  the  largest  vessels  can  ascend  the  river 
neftrly  to  the  foot  of  tho  Andes,  but  tho  constantly  changing  sand- 
banks at  the  mouth  of  the  Amazon  proper  make  this  npproitch  of  the 
river  dangerous,  and  the  State  of  Faru  is  for  obvious  reasous  not  over 
anziooB  to  have  the  deep  channok  properly  buoyed  and  surveyed. 
This  forces  all  the  shipping  to  enter  the  Pani  river,  and  to  puss  the 
narrows  if  the  Amazon  is  the  goal  of  tho  journey.  In  doing  the 
latter  the  choice  for  large  ships  lies  between  one  of  tho  channels 
(called  fnros)  with  a  bar,  whore  it  joins  tho  Tajipuru,  and  a  furo, 
the  Macajubim,  which  has  plenty  of  water,  but  which  winds  about  in 
Bucb  a  serpentine  fashion  that  only  ships  with  twin  screws  can  pass  it 
nnaaaisted.  These  difBcnltics  are,  however,  much  diminished  during 
the  rainy  seasc-n,  when  the  river  rises  to  such  an  extent  as  to  drive 
all  the  inhabitants  of  its  banks  into  the  towns,  which  have  been 
built  wherever  a  natural  eminence  secures  t)ie  inhabitant  against  tho 
fl<Md.  Near  the  mouth  the  difference  is  naturally  not  bo  great  as 
higher  up,  where  the  influence  of  tho  tide  is  felt  less;  but  at 
MaiMOfl  the  difference  in  level  between  low  river  and  high  river 
aueeds  40  feet. 

With  all  rivers  carrying  sediment,  tho  Amazon  shares  the  pecu- 
liarity that  its  immediate  banks  are  higher  than  tho  country  lying 
behind  them,  and  thus  we  have  in  tho  rainy  seasou  tlie  spectacle  of 
the  luaiu  river  flowing  between  two  banks  covered  with  dense  forest, 
and  immense  lakes  strotchiug  out  ou  either  side  of  theso  banks. 
TfaeAe  do  not  entirtily  dry  up  during  tho  remainder  of  tho  year,  so 
that  tho  whole  of  t))e  Amazon  valley  really  forms  a  huge  swamp 
eovervd  witJi  a  most  luxuriant  forest  which,  below  Manaos,  narrows 
to  a  lirood  belt  close  to  the  main  river,  with  prairios,  called  campos, 
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lit  the  back  of  the  forest  etretcbing  out  to  the  hills,  where  the  forest 
reoommencos. 

Ill  fiuch  a  ctioutry  no  l&nd  communicatiou  of  anj  sort  can  he 
attempted,  as  the  tropical  vegetation  and  the  annual  iuuudations  uf 
the  rivers  destroy  everything  that  man  places  in  the  way  of  the 
natural  forccB.  By  water,  ou  the  other  baud,  the  intercourse  between 
all  habitable  parts  of  tho  country  is  ca^y  and  expeditions,  sinco 
steamers  have  been  introduced  in  the  year  1853,  At  that  time  the 
journey  fruni  Beletn  to  Mauaus  was  ehortened  from  forty  days  t<>  eight 
days,  and  at  present  tho  ocean-going  steamers,  which  do  not  call  at 
the  intermediate  places,  accomplish  the  distanco  in  three  days.  Bolem 
lies  on  a  branch  of  the  Para  river  called  t.uajarii,  which  unfortunately 
does  nut  bhare  tho  characteristic  shai>e  uf  tbo  Amazon  and  the  furo«s 
bat  forms  a  rather  shallow  basin  in  front  of  the  town.  The  clothing 
of  a  good  many  inhabitants  seems  better  adapted  to  a  colder  climate ; 
it  is  only  the  airy  costume  of  the  ladies,  and  still  mure  tbo  absence  cf 
any  costume  on  tbo  children,  that  betrays  tbo  tropical  climate.  The 
harbour  of  Para  is  very  full  of  ehippmg,  and  the  general  build  of  the 
stc'amers  is  well  adapted  to  navigate  the  broad  waterway  uf  the  main 
river,  as  well  as  tbo  smaller  and  shallower  afilueuts,  which  become 
more  and  more  inhabited  from  year  to  year.  A  number  of  these 
steamers,  from  a  small  tug,  such  as  accompanied  the  uible  steamer,  to 
the  oooau-going  venistils,  were  photugtapbed  frum  time  to  time,  and 
the  views  taken  show  at  tbo  same  time  sumuthing  of  tho  general 
features  of  tbo  Inndgcape. 

Aa  tbo  cable  steamer  could  not  approach  close  enough  to  Para,  the 
shore  ends  were  laid  with  the  help  of  a  bargo  and  a  tug,  without  aiij- 
thiug  occurring  that  need  be  nientiotied.  By  the  saiue  means  the 
sectiiins  from  I'ara  to  Pinheiro  fti.d  from  there  to  Mowiuoiro  wera 
laid,  tho  large  steamer  laying  tbo  Section  to  Soure  across  the  Pani 
river.  Tbtse  three  places  oie  muvb  resorted  to  by  tho  inhabitants  of 
Pard  for  their  healthy  situation,  and  because  they  imagine  that  salt 
water  reaches  at  least  Soure.  The  forest  encircles  all  tho  huueoD,  but 
the  proximity  of  the  sea,  and  the  breeze  blowing  regularly  every 
afternoon,  make  all  these  places  extremoly  comfortable.  At  Soiiro  the 
8S.  "  Faraday  "  was  anchored  at  a  conveuient  distanco  from  the  shore, 
80  that  tho  shore  end  might  bo  lauded  direct  frum  tho  ship,  and  aa 
long  as  the  tide  was  rising  this  ]>lau  a]>pearcd  exccllout.  By  the 
receding  tide,  however,  a  whirlpool  was  formed  with  tho  ship  lying 
right  across  tho  centre,  and  wheu  it  had  been  turned  seventeen  times 
in  one  hour  the  captain  was  tired  of  it,  and  moved  the  ship  to  a  safer 
anchorage. 

Auotber  branch  of  the  cable  was  laid  from  Para  to  CametA  on  the 
River  Tocontins,  which  is  1200  miles  long,  but  unfortunately  has 
some  rapids  not  far  from  Caniet/i,  wliich  cut  oif  the  uavigivble  upper 
portion  of  the  river  from  direct  communication  with  tho  general 
Amazon  system.     Cameta  boiists  uf  a  fine  old  church  anl  a  number 
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of   two-storied   buildings,   indicating  tho  proeperons   state  of   the 
townsbip. 

Tbe  first  station  on  the  main  cable  is  Breves,  the  centre  of  the 
mbber  trade  of  the  islands  of  the  lower  Amazon,  sitnate  in  the 
centre  of  "  the  narrovrs."  Between  Far^  and  Breves  is  only  one 
bhallow  passage,  near  the  lighthoase  of  Gujabal,  and  the  pilot 
managed  to  nm  the  ship  aground  there ;  Inckily  it  was  low  tide,  and 
with  the  rising  tide  the  ship  could  be  turned.  At  Breves  the  ship 
was  anchored  close  to  the  sboro,  and  its  stem  secured  to  a  tree  by  a 
rope  BO  that  the  tide  could  not  cause  it  to  swing.  Under  these 
circmnstances  the  landing  of  the  shore  ends  was  an  easy  matter  and 
soon  finished.  The  e>Lip  then  resumed  its  way  into  the  narrow  furos 
described  above,  and  night  did  not  put  a  stop  to  its  progress,  as  the 
outlines  of  the  forest  were  clearly  visible  against  the  sky,  and  the 
water  every\%°here  more  than  seven  fathoms  deep.  While  the  speed  of 
the  ship  was  kept  at  about  six  knots,  the  pilot  ordered  the  quarter- 
master to  pot  the  helm  a-starboard,  as  he  wished  to  increase  the 
distance  between  ship  and  shore.  The  quarter-master  was,  however, 
confused,  and  put  the  helm  hard  a-port,  with  the  result  that  the  bows 
went  into  the  forest  until  the  branches  of  the  trees  touched  the  fore- 
yard.  To  appreciate  tho  situation  it  should  be  mentioned  that  the 
foremast  stands  74  feet  abaft  the  bows,  and  that  the  foreyard  is  69  feet 
above  the  water  level.  Luckily  the  soft  ground,  the  elasticity  of  tho 
forest  trees,  and  the  steepness  of  the  banks,  rendered  this  accident 
quite  harmless,  and  on  reversing  the  engines  the  ship  at  once  camo  o^ 
BO  that  the  laying  could  be  resumed.  Nut  far  from  this  spot  the 
Aturia  fiiro  branches  off,  through  which  the  cable  hail  to  be  laid,  bat 
which  was  impassable  for  the  ss.  "  Faraday  "  on  acoouut  of  a  two- 
fatiwMn  bar  at  the  Tajipuru  end  of  the  furo. 

As  a  splice  had  to  bo  made  with  some  cable  on  a  barge,  from  which 
it  was  to  be  paid  out  throagh  the  Aturia  furo,  the  ^'  Faraday  "  had  to 
ba  anchored,  and  the  right-hand  shore  was  approached  so  as  to  leave 
mum  for  tho  ship  to  swing  round  when  the  tido  turued.  At  the 
critical  moment,  when  the  anchor  was  to  be  lowered,  somebody 
blondered,  and  turned  oat  the  electric  light,  leaving  the  anchor  winch 
aod  its  Burroandings  in  darkness.  By  the  time  this  mistake  had  lieon 
rectified  the  ship  was  dangerously  near  tho  shore,  and  even  the 
anchor  could  not  sufiSciently  check  its  advance,  so  that  it  again  ran 
aabore,  stopping  within  about  five  feet  of  a  house,  much  to  the  alarm  of 
tbo  inLabiiants.  This  manoaavre  fixed  the  ship  in  a  most  convenient 
position,  so  tliat  it  was  left  there  until  tho  splice  had  been  finished, 
and  the  tug  "  Cochrane,"  with  the  barge,  bad  started  laying  the  cable 
in  the  Atunu  furo.  Again  there  was  no  difficulty  in  backing  the  ship 
off  the  bank,  but  it  hud  to  proceed  for  twelve  miles  stern  foromost 
before  the  furo  was  sufiicicutly  wide  to  allow  the  ship  to  turn  and  go 
on  to  BrovL-s,  or  rather  a  tew  miles  beyond,  to  the  mouth  of  the  Doiti8bu, 
in  order  to  enter  the  Furo  Grande  and  the  Tajipuru  in  a  roundabout 
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way.  As  the  ship  wafi  drawing  over  twenty-foor  feet,  and  tlie  bar  at 
the  end  of  the  Boiaasu  Lad  only  twenty-throe  feet  of  water  at  high 
tide,  the  result  was  easily  foreseen,  bat  the  ship  remained  on  the  bur 
for  nine  days,  by  which  time  sufBoient  cable  had  been  transferred  to 
the  barge  and  to  the  ss.  "  Malvern "  to  enable  the  ship  to  continue 
her  journey.  Dnring  this  enforced  sojourn  in  the  midst  of  the  most 
wonderful  combination  of  islands  and  rivers,  the  two  naturalists 
whom  the  British  Museum  authorities  had  kindly  sent  with  the 
expedition,  took  full  advantage  of  the  opportunity  to  explore  the 
locality  in  all  directions. • 

Unfortunately  the  time  is  too  short  to  give  many  details  of  the 
intermediate  stations,  but  their  general  aspect  is  very  similar,  and 
nothing  noteworthy  occurred  at  most  of  them.  Commencing  at  the 
mouth  of  the  river,  the  first  Etation  is  Chaves  and  the  second  Macapa ; 
to  these  two  places  a  branch  ia  laid  from  Gurupfi.  The  sa.  "  Faraday  " 
hod  tho  distinction  of  being  the  first  European  steamer  ^hich  has 
navigated  the  Amazon  river  below  the  month  of  tho  Tajiptiru  ;  in  fact 
neither  tho  pilots  nor  the  inhabitants  know  of  any  foreign  ship  that 
had  ever  touched  at  these  ports.  In  6urup4,  tho  second  station  of 
thti  main  line,  the  inhabitants  expressed  their  joy  at  being  put  in 
communication  with  the  rest  of  the  world,  by  actively  helping  in  the 
landing  of  the  first  shore  end.  A  young  lady  in  white,  niece  of  the 
mayor,  borrowed  a  handkerchief  from  ouo  of  our  engineers,  daintily 
laid  hold  of  the  cud  of  tho  cable  and  triumphantly  carried  it  into  the 
station.  Here  a  ball  was  started,  and  tho  happy  couples  waltzed  round 
the  cable  end  to  show  their  appreciation.  Meanwhile  tho  tug  began 
pulling  on  the  bargo  from  which  the  cable  was  to  bo  paid  out,  and  just 
as  these  vessels  began  to  foci  tho  current,  which  runs  rather  strung 
there,  something  jaiubed,  tho  cablo  would  not  run  out,  and  the  tug  could 
not  hold  the  barge  against  tho  current.  Barge,  tug  and  cable  drifted 
down  stream,  the  end  gradually  disappearing  out  of  the  station. 
This  contretemps  luckily  did  not  disturb  tho  dancers,  who  continued 
their  rejoicings  until  the  end  hod  been  brought  back. 

Monte  Aleoro  lies  on  a  furo  which  unfortunately  has  a  shallow 
bar  at  its  mouth,  so  that  the  cable  had  to  be  laid  in  and  out  by  the 
bargo  and  tug.  This  furo  swarmed  with  '*  botes,"  a  species  of 
dolphin  much  coveted  by  the  naturalists  ;  but  the  natives  do  not  try 
to  catch  them  because  tbuy  are  neither  good  for  food  nor  useful  in 
other  ways,  besides  they  are  remarkably  shy  and  strong.  From 
thence  the  cablo  is  laid  to  Santarem  at  the  mouth  of  the  Tapajos, 
which  presents  a  strong  contrast  to  the  Amazon  on  account  of  its 
clear  waters  and  tranquil  flow.  This  river  is  1200  miles  long,  and  is 
formed  by  the  union  of  the  Ariuos  and  Juruena,  rising  in  14'^  42'  £>. 
lat.,  and  60'^  43'  W.  long.,  in  the  so-called  "  aguaa  vtjrtentes  "  (tho 
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tuning  waters)  close  to  tho  sonreoB  of  Bomo  of  the  afSaontfl  of  the 
Paragtuy  riyer.  In  the  rainy  seaaon  all  these  waters  mix,  and  it  is 
poesible  to  pass  in  a  boat  from  the  moath  of  tlio  I{io  do  la  Plata  in 
35'  S.  Iftt  to  the  month  of  the  Orinoco  in  10'  N.  lat.,  by  way  of  tho 
Paraguay,  tho  Tapajos,  the  Amazon,  the  Rio  Negro  and  the  Casseqniare, 
which  forms  a  connecting  link  between  the  Amazon  Bystem  and  tho 
Orinoco. 

From  Santarom  a  branch  cable  is  laid  to  Alemqner,  and  Obi'dos, 
the  next  station  on  tho  main  lino,  is  tho  last  point  touched  in  tho  State  of 
Para.  It  would  not  be  right  to  leavo  unnoticed  tho  rubber-gathering 
industry,  which  is  at  once  tho  wealth  and  the  bane  of  this  part  of  the 
world.  Tho  implements  in  use  are  of  the  most  primitive  kind,  as  may 
be  jndgod  by  the  samples  on  tho  table,  but  tho  average  earnings  can 
easily  bo  three  pounds  per  day  durini?  tho  dry  season,  and  the  facility 
of  Min)in^  so  muoh  money  with  little  exertion  makos  tho  inhabitants 
unwilling  to  engage  in  more  arduous  labour.  A  narrow  path  leads 
from  the  hut  ou  the  water's  edge  into  the  forest,  from  one  rubber  tree 
to  another,  the  path  eventually  returning  to  tho  hut.  The  trees  are 
cat  on  tho  morning  round  and  the  rubber  is  gathered  in  the  afternoon. 
As  soon  us  it  arrives  nt  the  hut,  a  fire  of  oily  palm  nuts  (Attalea 
Exoelsa)  is  lighted  and  the  thin  sap  thickened  in  tho  Rmoko.  Fur  tliis 
pnipoae  a  paildlo  is  used,  on  to  which  the  sap  is  prmrcd  with  a  small 
^rtbeawaro  or  tin  vessel.  Tho  smoke  soon  thickens  it  and  a  new 
layer  is  pjurod  on,  until  the  well-known  flat  cakes  of  india-rubber 
have  been  formed.  Owing  to  the  rise  of  the  river  during  the  rainy 
naaon,  most  of  tho  huts  have  to  be  abandoned,  and  it  can  easily  bo 
inugioed  how  comfortless  they  are.  Nearly  all  of  tliem  are  built  on 
piles,  and  most  of  them  are  thatched  with  palm  loaves.  Tliore  is 
hardly  any  attempt  made  to  cultivate  the  soil,  such  ns  it  is,  but  every- 
thing is  imported.  The  sh.  "  Cametonso"  in  which  tho  surveying 
party  went  out,  was  laden  with  cabbages,  onions  and  poUitocs,  part  of 
which  went  as  far  as  Iquitos  in  Peru.  ChieSy  owing  to  this  want  of 
provisions,  and  to  the  generally  careless  moile  of  life,  tho  mortality 
among  imlia-ruliber  gatherers  is  very  great.  Tliero  are  two  stations 
in  Uiu  State  of  Amazonas — Farintins,  formerly  called  Villa  Bella  da 
Imporatriz,  and  Itacoatiara.  formerly  Serpa.  Just  before  reaching 
ihu  farmer  station  the  Serra  d©  Parintins  is  passed,  which  forms  tho 
Imundary  Itetwoon  tho  two  States.  At  Parintins  tho  river  makes  a 
aaddeu  iM-nd,  and  tho  resulting  eddy  current  greatly  inipodod  tho 
work ;  at  Itacoatiara,  on  tho  other  hand,  the  bow  of  tho  ship  was  run 
udiore,  and  the  end  of  tho  cable  landed  direct  from  thu  ship. 

Boforu  showing  viuws  of  Manaus  tliroo  pictures  of  tho  vegetation 
taken  at  a  S'liort  range  will  bo  tlirown  on  tho  screen  to  illiiRtrate  thn 
InxQriance  met  with  ovorywhoro  on  tho  jnurucy,  but  no  attempt  will 
bs  made  to  dettCTibo  it,  as  that  has  been  done  to  perfection  in  the 
rlasaical  works  of  Bates  and  Wallace.  Everything  Ihoy  Lave  said 
in  thia  ri>H[>«K;t  nimiains  as   true  as  it  was  forty  years  ago,  and  hardly 
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anything  new  can  be  added  to  their  description  of  the  general 
fleatuies  of  the  Amazon  valley;  but  the  town  of  Manaos  has  com- 
pletely changed  its  character  since  it  was  made  the  capital  of  that 
region  in  1853.  A  town  qnite  Enropean  in  its  features  has  arisen  in 
the  nudst  of  the  forest,  and  to  the  benefits  of  rapid  transport — to 
which  it  has  owed  so  much — there  is  now  added  the  oharaotexistio 
lever  of  modem  progress,  the  annihilator  of  space  and  time— electrical 
oommnnicatioD. 

[A.S.] 


I 
I 


1890.J  PtoftMtor  Etoing  on  HtftUretiM,  S 

WEEKLY  EVENING  MEETING, 
Friday,  May  22,  1896. 

Gbobob  Matthst,  Esq.  F.R.S.  Vice-President,  in  the  Oluir. 

FkOVBSOB  J.  A.  EwLva,  M.A.  F.R.S.  Professor  of  Mfichanisia  and 
Applied  Mocbauics  in  the  UaiTersity  of  Cuabridge. 

Hytieraia. 

(AlMtimet) 

TiTK  loctnrer  explained  that  the  word  hysteresis  waa  not  a  term  in] 
neurij-patholo^y.  It  had  nothing  to  do  with  hysterics.  The  namAl 
might  ho  nnfamiliar,  bnt  the  thing  it  described  was  cxoeedinglyf 
common.  It  was  scarcely  too  much  to  say  that  hysteresis  was  to  be  * 
found  everywhere,  except,  perhaps,  in  the  dictionary. 

The  word  was  derived  from  the  verb  votc^ku,  which  sigDified  to 
lag  behind.  It  was  intrmlnced  abont  fourteen  years  ago  to  name  a 
characteristic  which  ha<l  been  prominent  in  several  researches  into 
the  physical  qualities  of  certain  materials,  especially  of  iron.  Tho 
name  was  invented  at  a  time  when  the  phenomenon  of  hysteresis  had 
no  nine  than  a  pnroly  scientific  interest ;  bat  in  tho  rapid  advance 
of  indnstrial  electricity  hysteresis  had  become  a  matter  of  much 
commercial  importance,  and  the  word  was  now  in  common  use  by 
electrical  engineers.  Certain  materials,  when  causes  acted  on  them 
tending  to  change  their  physical  state,  had  a  tendency  to  persist  in 
their  previous  state.  This  tendency  to  persist  was  what  constituted 
hyatoresis. 

It  was  in  connection  with  tho  maj^ctic  properties  of  iron  and 
■leel  that  the  most  conspicuous  and  practically  the  most  important 
manifestations  of  hysteresis  were  fonnd.  An  experiment  was  shown 
to  iUajitmte  hysteresis  in  tho  changes  of  magnetic  condition  brought 
about  by  the  application  and  removal  of  stress.  An  iron  wire, 
maooctiscd  by  a  constant  current  in  a  surrounding  coil^  was  liung  up 
Mdloaded  with  weights.  The  weights  were  alternately  removed 
and  reapplied,  and  the  magnetic  state  of  tho  wire  was  shown  by 
meana  of  a  mirror  magnetometer.  It  was  seen  that  when  the  weights 
were  repeatedly  pnt  on  and  off,  tho  magnetism  changed  from  one  to 
another  of  two  values;  but  when  half  the  weight  only  was  left  on 
dnriag  unloading,  tho  magnetism  assumed  a  value  much  nearer  to 
the  loaded  than  tia  the  nnloadod  state  ;  whereas  when  half  the  weight 
was  pnt  on  after  nidoading,  the  magnetism  took  a  value  nearer  the 
onlcMidod  than  tho  loaded  state.  In  other  words,  tho  magnetic  effects 
of  the  loading  lagged  behind  tho  changes  in  the  loading  itself.     This 
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lagging  was  shown  to  be  static  in  character,  for  it  was  in  no  way 
dependent  on  the  rate  at  which  the  process  of  loading  and  unloading 
was  performed.  Other  cases  of  static  hysteresis  in  the  thermoelectric 
and  mechanical  qualities  of  iron  were  mentioned. 

Practically  the  most  important  instance  was  the  hystoresia  which 
was  observed  when  a  piece  of  iron  had  its  magnetism  changed  by 
changing  the  magnetising  force.  Whoa  a  piece  of  iron  was  first 
magnetised,  the  magnetism  B  was  developed  by  gradual  iocrcase  of 
the  magnetising  force  H,  in  the  way  shown  in  Fig.  1.  If  at  any 
stage  in  the  process,  such  as  a,  the  magnetising  force  was  made  to 
stop  iucreosing,  was  reduced  to  zero,  and  was  then  reapplied  in  the 
oppoflite  direction,  the  magnetism  changed  in  the  way  shown  by  the 
cnrve^acd  of  Fig.  2.  And  finally,  if  the  magnetising  force  were 
again  reversed,  so  as  to  recover  the  direction  and  value  it  had  at  a, 
the  process  followed  was  represented  by  the  cnrve  dea  of  Fig.  3. 


Fm.  1. 


Fio.  2. 


The  closed  cnrve  of  Fig.  3  showed  how  the  changes  of  magnetism 
in  this  complete  cycle  of  double  reversal  tended  to  lag  behind  the 
changes  of  magnetising  force.  In  consequence  of  this  hysteresis, 
energy  was  consumed  in  reversing  tho  magnetism  of  iron,  and  it 
could  bo  proved  that  the  energy  consumed  in  eooh  double  reversal 
was  proportional  to  the  area  enclosed  between  the  curves  aed  and 
dea. 

This  was  tho  process  that  went  on  in  the  iron  cores  of  trans- 
forraora  when  used  for  electric  lighting  in  the  altomato-current 
system  of  supply.  Tho  magnetic  cycle  was  gone  through  something 
like  100  times  a  second,  and  as  a  rule  the  transformer  was  in  circuit 
contiDuonsIy  by  day  and  night.  Whether  it  was  sopplying  lamps 
and  <loing  useful  service^  or  whether  it  was  not,  the  waste  of  power 
duo  to  hysteresis  went  on.  It  formed  a  very  serious  item  in  the  cost 
of  alternate-current  supply,  for  the  effect  was  that  a  large  part  of 
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the  ooal  bamt  at  the  central  station,  after  haTuig  ita  energy  passed 
throngh  a  series  of  costly  converBioas,  was  devoted  in  the  end  to 
nothing  more  than  nselesaly  warming  tbo  transformers  in  the  cellars 
of  oonsninors  or  in  boxes  nnder  tlie  streets.  So  long  as  iron  could 
not  be  found  that  was  destitute  of  maguctic  bystoresis,  some  loss  on 
thii  aeooant  was  inevitable ;  but  it  might  be  greatly  lessened  by 
ebooeing  a  anitabie  kind  of  iron.  Experience  showed  that  sumo  kinds 
of  iron  had  much  less  hystorcsis  than  others.  Thus  in  Fig.  4  tho 
curve  marked  I  related  to  a  specimen  of  iron  eminently  suitable  for 
Ue  in  transformers,  while  tho  curves  marked  II  aud  III  retated  to 
other  brands  of  iron.    They  enclosed  much  larger  areas,  and  showed 
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Fio.  4. 

I  tbo  iron  whiob  gave  them  was  to  bo  avoided  as  having  too  much 
byftareaiB.  Of  late  years  somo  of  the  makers  of  iron  had  striven 
with  marked  success  to  produce  iron  which  should  be  comparatively 
free  from  hysteresis,  and  it  was  now  possible  to  obtain  material 
Ibr  tnmsformere  which  reduced  tho  loss  to  a  fraction  of  what  was 
fcmerly  thought  inevitable. 

The  lecturer's  magnetic  cnrve  tracer  was  exhibited  in  action, 
showing  rragnetic  curves,  similar  to  Fig.  8,  upon  a  scrcon  by  giving 
til  m  MDftQ  mirror  simultaneous  horizontal  and  vertical  movements, 
tba  tumm  proportional  to  tho  magnetising  force,  and  tho  latter  to 
tbo  nagnetJiBtioD  of  tho  specimen  of  iron  in  the  machine.    As  a 
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conveniont  means  of  practically  testing  the  quality  of  iron  in  this 
rospoot  the  lecturer  had  lately  intrudaccd  another  iustrumcnt,  which 
was  also  shown  at  work.  In  this  hysteresis  tester  (Fig.  5)  the 
sample  of  iron,  in  the  form  of  a  bundle  of  thin  strips,  was  clamped 
in  a  currier  and  cansed  to  rotate  between  the  poles  of  a  magnet 
swinging  on  knife  edges.  As  a  consequence  of  hysteresis  this 
magnet  was  deflected,  and  its  deflection,  which  was  noted  by  lueans 
of  a  pointer  and  scale,  serrcd  to  measure  the  hjstcrtiBLs. 


To  show  directly  tlie  heating  oScct  of  magnetic  reversals  in  iron, 
a  differential  air  Uiermomotor  was  used,  with  long  bulbs,  one  of 
which  was  partly  filled  by  a  bundle  of  iron  wiro.  Both  bolbs  wcro 
surrounded  by  coils,  through  which  an  alternating  current  passed. 
The  heating  effect  of  the  current  itself  was  tho  same  for  l)oth,  but 
the  bulb  containing  the  iron  was  further  heated  in  consequence  of 
the  hysteresiB  of  tlio  metal,  and  this  additional  heating  was  shown 
by  movement  of  a  liquid  iudcs  in  a  tabo  connecting  tho  two  bulbs. 
It  had  even  boon  proposed  to  ajqily  the  heating  etfect  of  hysteresis 
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I    to  the  boiling  of  water.     A  kettle  invented  for  this  purpose   x>j 
Sir  David  Salomons  and  Mr.  Pyke  was  exhibited. 

In  another  experiment  to  illustrate  the  dissipation  of  energy 
throagh  magnetic  hjBteresis  a  eteel  ball  was  cansed  to  roll  down  an 
inclined  railway  formed  by  a  slot  cut  in  an  iron  tube.  The  tube  was 
ironnd  longitudinally  with  a  magnetising  coil  which  caused  lines  of 
maf^etic  induction  to  cross  the  sloL  The  ball  was  conseqaently 
magnetised,  and  as  it  rolled  the  changes  of  magnetism  in  it  and  in 
the  neighbonring  parts  of  the  tube  checked  its  motion,  causing  it  to 
alow  down  or  stop  when  the  current  in  the  magnetising  wire  was 
^plied ;  but  the  resistance  due  to  hysteresis  coosed  when  the  current 
was  broken. 


\ 


Fio.  6. 

In  conclnsion  tho  lecturer  referred  to  the  molecular  theory  of 
magnetisation,  wbioh  he  had  explained  in  a  former  lecture,*  and  ta 
the  explanation  it  gave  of  magnetic  hjBterosis.  Since  then  it  had 
received  a  remarkable  confirmation  from  the  work  of  Mr.  F.  G.  Baily, 
who  had  measured  tho  hysteresis  when  iron  discs  were  made  to 
revolve  in  a  strong  magnetic  field.  Ho  found  that  when  tho  field 
wu  strengthened  the  hysteresis  was  at  first  increased,  but  a  stago 
vnw  reachod  when  tho  strengthening  of  tho  field  ceased  to  increase 
the  hjstereus,  and  with  a  ctrongor  field  still  tho  hysteresis  was 
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actually  reduced.  Indeed,  by  a  small  farther  increase  of  the  field 
the  hystoresis  could  be  made  to  practically  vanish.  This  very 
curious  result  had  hoen  predicted  origiimlly  by  Mr.  Jamee  Smnbnme, 
as  a  oonBociucnco  (if  the  lectnror'a  theory,  and  hod  at  that  time  seemed 
60  unlikely  that  it  woe  urged  as  an  objection  to  the  theory.  It  had 
now  been  proved  to  afford  the  theory  the  strongest  possible  con- 
firmation. 

A  model  was  ehowu  in  illustration  of  this  point,  in  which  a  glass 
plate  carrying  a  number  of  small  pivoted  magnets  (Fig.  C)  was  made 
to  revolve  slowly  in  a  ma^otic  field  produced  by  two  neighbouring 
coils.  So  long  as  the  field  was  weak  the  small  magnets  formed 
groups  which  wore  broken  up  daring  the  revolution,  thereby  dis- 
sipating energy  and  exhibiting  hystoreeia ;  but  when  the  field  was 
sufficiently  strongthencd  the  small  magnets  continued  to  point  one 
way  without  forming  groups,  for  their  mutual  magnetic  forces  wore 
then  masked  by  the  external  or  field  force.  There  were  consequently 
then  no  unstable  phases  in  the  motion  and  no  hysteresis. 

Hysteresis  in  tho  magnetic  quality  of  iron  was  to  be  ascribed  to 
the  formation  of  stable  groups  of  molecules,  in  oonsetiuonce  of  the 
mutual  forces  which  the  molecules  exerted  on  one  another  in  virtue 
of  their  magnetic  polarity.  It  might  very  well  be  that  in  other 
manifestations  of  hysteresis,  such,  for  example,  as  the  familiar 
phenomenon  of  friction  between  two  solid  surfaces  when  rubbing 
against  one  another,  the  resistance  and  consequent  dissipation  of 
energy  wore  similarly  duo  to  the  forming  and  breaking  np  of  molecular 
groups,  the  molcules  being  mutually  constrained  by  some  other 
species  of  polar  forces,  possibly  due  to  electrostatic  charges  upon 
them. 

[J.  A.  R] 
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WEEKLY  EVENING  MEETING, 
Friday,  May  29,  1896. 

Tax  RioBT  Hon.  Lobo  Haububy,  M.A.  D.C.L.  F.B.S.  Manager, 
in  the  CliaiT. 

AtiaoBTiHa  BiBBSLL,  Esq.  Q.C.  M.P. 

Join  Wc$Unf  :  Some  Aspect*  of  the  Eighteenth  Century. 
(AbBtract.) 

Tai  lectorer  said  that  when  be  thought  of  the  eightoonth  century  as 
it  was  lived  in  England  in  town  and  country,  he  found  it  difficult  to 
neoDcile  all  that  ho  read  about  it  with  any  sweeping  description, 
Ooodemnation  or  dominant  note.  It  was  a  century  of  violent  con- 
traote.  It  was  a  brutal  age,  for  the  press-gang,  the  whipping-post, 
gaol  feTor,  all  the  horrors  of  the  criminal  code  were  among  its 
obaraeteristics.  It  was  an  ignorant  age,  for  a  great  part  of  the  popu- 
lation gave  itself  up  to  drunkeoness  and  cock-fighting ;  a  corrupt 
agfs,  when  offices  were  bought  and  sold  and  every  man  was  supposed  to 
have  his  price.  Brutal,  ignorant  and  corrupt,  Uie  eighteenth  century 
was  all  these — was  it  not  written  in  the  storied  page  of  Hogarth? 
And  yet,  too,  there  was  plenty  of  evidence  of  enthusiasm,  loaming 
and  probity.  The  life  of  John  Wesley,  who  was  bom  in  1703  and 
died  in  1791,  covered  practically  the  whole  of  the  eighteenth  century, 
of  which  he  was  one  of  the  most  remarkable  and  strenuous  figures, 
and  his  Journal  was  the  most  amazing  record  of  human  exertion  over 
penned  by  man.  Those  who  hod  ever  contostod  a  Parliamentary  eloc- 
tioii  would  know  how  exhausting  was  the  oxperionce;  yet  John  Wesley 
ootitMted  the  three  kiugdouis  in  the  cause  of  Christ,  and  during  that 
eootest,  which  lasted  forty-four  years,  ho  paid  more  ttirnpiko  toll  than 
•nj  man  who  ever  lived.  His  usual  record  of  travel  was  800U  milos 
a  year,  and  oven  when  he  was  an  old  man  it  seldom  fell  below  50UO 
mtlM.  The  number  of  sermons  he  preached  hod  been  estimated  at 
40,500.  Throughout  it  all  he  never  know  what  was  meant  by  dc- 
Itreasioo  of  spirits.  Wesley  was  not  popular  with  historians;  ho  put 
tbo  historian  out  of  conceit  with  himself.  It  might  be  said  that 
Wsaloy's  personal  character  lacked  charm,  but  it  was  not  easy  to 
4<ftM  charm;  nobody  ever  had  defined  it,  and  nobtxiy  who  was  wise 
■fW  would  try  tu  do  so.  But,  charm  or  no  charin,  Wesley  was  a 
great  bit  of  the  eighteenth  century,  and  was  therefore  a  groat 
rsvealiug  rvoinl  of  the  century.  He  rocoivoil  a  good  chissical  otluca- 
tioD,  and   remuiucd  all  his  life  very  much  of  the  schokr  and  the 


234 


Mr.  Augtuline  Birrell  on  John  Wesley. 


[May  29,1 


gentleman.  He  was  a  mnn  of  very  wide  reading,  and  his  judgments 
on  books  were  not  only  "polite"  but  eminently  sone  and  elirewd. 
His  religions  opinions,  and  his  extraordinary  cre<lulity  in  eomo 
matters,  in  no  way  affected  the  perfect  sanity  of  his  behaviour  or  the 
soundness  of  his  judgment.  He  was  a  cool,  level-headed  man,  and 
bad  he  devoted  his  talents  to  any  other  pursuit  than  that  of  spreading 
religion  he  must  have  acquired  a  largo  fortune.  He  knew  that  he 
would  have  succeeded  in  other  walks  of  life,  but  from  the  first  day  of 
his  life  almost  he  learnt  to  regard  religion  as  his  business.  In  his 
Journal  he  never  exaggerated,  or  never  seemed  to  do  so ;  the  England 
ho  doEoribed  was  an  England  full  of  tbeologj  and  all  sorts  of  queer 
vague  points,  and  strange  subjucts  were  discussed  in  all  places — of 
some  of  them  the  very  phraseology  was  now  as  extinct  as  the  wolf,  or 
at  least  as  rare  as  tho  badger.  Although  not  over  well  disposed,  as 
bis  life  went  on,  towards  the  clergy  of  the  Establishment,  he  very 
seldom  recorded  any  incidents  of  gross  clerical  misbebaTiour.  In 
spite  of  the  rudeness  of  the  manners  of  the  people,  Wesley's  sufferings 
wore  really  nothing  to  those  with  which  Parliamentary  candidates  had 
had  to  put  up  for  centuries.  What  would  really  shock  the  reader  of 
his  Journal  wos  his  description  of  what  might  be  called  the  pnblio 
side  of  the  country — the  state  of  its  gaols  or  its  criminal  code,  tho 
callous  indifference  of  tho  magistracy,  tho  indifference  of  the  clergy  to 
what  might  be  called  missionary  effort.  Wesley's  Journal  was  a 
book  which  ought  to  be  kept  in  mind  as  a  moans  of  knowledge  of  the 
eightcouth  century,  just  as  much  as  'Tom  Jones'  was  a  means  of 
knowledge  or  as  Hogarth  was.  As  ono  reail  his  Journal  ono  was  oon- 
Btraiuod  to  admire  tho  mognificcnco  of  the  vigour,  the  tremendous 
force  of  tho  devotion  and  tho  faith  which  kept  John  Wesley  in  per- 
petual motion  for  more  than  half  a  century,  and  ono  felt  glad  to  be 
able  to  place  that  Journal  buside  Walpole's  letters  and  Boswell's 
Johnson,  aud  to  know  that  iu  it  there  woro  some  asi^oots  of  tho 
eighteenth  century  that  could  not  be  found  elsewhere. 

[A.B.J 
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GENERAL  MONTHLY   MEETING, 

Monday,  June  1, 1896. 

Jambs   Cbiobton-Bbowite,  M.D.  LL.D.  F.B.S.  Treosiirer  and 
Vice-President,  in  the  Chair. 

William  Phipson  Beale,  Esq.  Q.C.  F.G.S. 

Miss  Esther  Bright, 

Edward  Ball  Kuobel,  Esq.  Treas.  B.A.S. 

were  elected  Mombors  of  the  Royal  Institation. 

Tho  following  Address  to  the  Right.  Hon.  Lord  Eolvin  was  road 
and  adopted,  and  authorised  to  be  signed  by  the  President  on  behalf 
of  Has  Members : — 

•'To  the  Bight  Hon.  Lord  Kelvin,  D.C.L.  LL.D.  F.B.S.  F.R.8.E.  Grmn.I 
Officer  of  ihe  Legion  of  Honour,  Professor  of  Natural  Philoeophy,  Univeniity  of 
Ginafgam,  Manager  nnd  Yice-Preoident,  Royal  Institution  of  Grnit  Britain. 

"  The  Mcmbiiirg  of  the  Boyal  Institation  of  Great  Britain  beg  leave  to  offer  to 
jxinr  Lordahip  their  car<liftl  congratnlations  on  the  oocasion  of  the  Jul>iIeo  of  your 
appointiBait  to  the  Chair  of  Natural  Philoaopby  in  the  Uuiversity  of  Glo«gow, 
aaa  dcairs  to  expreaa  their  hi(;h  appreciation  of  the  coonpicuouH  servicea  yntt 
IdiTe  rendered  duriDg  your  incumuency  of  that  cliair  in  tlio  Extension  nnd 
Diffioaon  oC  Scientific  Knowlcdgo,  which  it  ia  the  main  object  of  the  Itoyal 
Isatitstion  to  promote. 

**  Becotcnising  lu  the  Members  of  the  Boyal  iDetitation  do  the  inoaloulablo 
and  far-rfscbiug  valuu  of  your  researches  and  labonni  i^n  connection  with  elec- 
tricity, iua;.-nc-tiiin).  the  atmosphere,  hoat  and  vortex  motion,  and  liic  immediaia 
'  pfaetjcal  utility  of  your  ingenious  invoutionii,  in  aiding  further  seientitio  iuvesti- 
•ad  in  enlarging  and  qnickening  human  intercourse,  they  winh  more 
'Jy  to  acknowledge  the  benefits  yun  have  conferred  on  tho  Boyal  Institu- 
the  admirable  Iccturcii  which  you  have,  from  time  to  time,  delivered 
its  walls.      Your  first  lecture,  "  On  the  Origin  and  TraiuiformationB  of 
Power,"  wns  pven  on  the  2'Jth  of  February,  1856,  wbini  the  Into  Sir 
Holland  nocnpied  the  Chair;  and  your  last  terturc,  on  "  Ittoperimotrical 
lema,"  was  given  on  May  12th,  1893,  when  tho  chair  was  tliloiJ   by  8ir 
Donirhu  Galton.  K.C.B. 

"  III    till,   il.irty-nfren    years  intervening  between   Iheso  dates — a  period  of 

iatci'  'ful  seicntiUc  activity — you  have  uddrcased  the  Blerabers  of  tho 

fUffu  n  tlftceu  tiuiea,  your  lectures  having  been  as  Mirrors  and  Becorden 

ia  re  I  '!  ineaauring  the  advanoea  achieved  in  matliematics  and  physics. 

I  i-TS  of  the  Boyal  Institution  rejoioo  to  think  that  besides  con- 

Bting  njore  than  sjiy  nuiu  now  living  to  tho  progress  <if  Scitoco,  you  liuvo 

iriM  Moai«d  it  a  higher  place  in  publio  estimation  thun  it  )ias  hitlierto 

Istteiaad.  ami  Ihcy  earnestly  hope  that  you  will  bo  long  spared  to  wear  the 

'  hoBoiini  which  have  been  so  deservedly  conferred  upon  you." 

It  WM  Boaolvod,  That  8ir  Frederick  Brtttnwell,  Bart,  and 
LProfcaMT  Dewar  bo  appointed  dulogatoj^  from  tho  Royal  lustitutiou 
|lo  paMOt  this  Addrous. 
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NnoTo  Cimcnto  for  April,  1896.    8vo. 
Phj  giail  RuTiew  for  May- Jane,  18D6. 
8cieuce  Biftioge  fur  May,  1896.    8ro. 
Beientifio  African  for  May,  1896,     8vo. 
8eoU  Maff&zine  for  May,  1890.    8vo. 
Technical  World  for  May,  181)6.    8vo. 
Tmnaport  for  May,  1896.    fol. 
Tvofiival  AprriciiUuriit  for  April,  18%. 
Work  for  Muy.  1890.    8va 
KoophilUt  for  May,  1S96.    4to. 
BttUtMl    Engiateen,   IntlUuUim    o/— Jonmal,  YoL   XXY.  No.    122.      1896. 

8vo. 
SBS*,  II.  D.  Ef).  M.A.  M.K.I.  (lk«  ^WAor)— Graphic  Aritbmotio  Charts,     fol. 
Bmt*  Cvitnty  Tedinieal  Laboratoriet,  Chelmt/ordr—Joarotil  for  April-May,  1896. 

8ro. 
JImmh^.  /.  A.  E§q.  MA.  F.R.S.  {the  Auikor)— The  AltemaU)  Current  Trens- 
funaer  in  Theory  and  Praotioe:  (Vol.  L  The  Induction  of  Eleatrio  Currents.) 
New  edition.     8to.     1896, 
Flormtee.  BMioUca  NasionaU  CSm(ra2«— BoUettiDO,  Koe.  248,  249.    8vo.    1896. 
Flormee,  BeaU  Aeeademia  dei  GMM-yo/K— Atti.  Vol,  XVIIL  I>i«p.  3, 4 ;  Vol.  XIX. 

Dup.  I.    Sto.     1895-96. 
fWmWM  jMUtute—Jcmma.\  tot  May,  ]89<!.    Svo. 
OMfrofUeal  SoeUtf,  Ito^— Oeograpbical  Journal  for  Slay,  1896.    8to. 
OmLipad  8odetf—(i\uMBt\y  Jonroal,  No.  20<5.     Svo.     1896. 
Uartem,  MmiA  7 Vyler— Archives,  Scrio  II.  Vol.  V.  Part  1.    8to.    1896. 
UarUmk,  Soeiite  Uoilandait  de*  Seimeet — Archivee  NeerlandaiMS,  Tomo  XXX. 

Livr.  I.    8to.    1896. 
haffnial  /iwfthtte— Imperial  Inititute  Journal  for  May,  1896. 
iewo.  LabotatorieB  of  Natural  H«f(orj«— Bulletin,  Vol.  III.  No.  4.    8to.     1896. 
Mkmt  Hopkim*  Vnivenitt) — Unirersitv  8tudiea,  Fourteenth  Stories,  Noe.  4, 5.  8vo. 
18»e. 
Aawrioan  Chemical  Journal,  Vol.  XVIIL  No.  5.    Svo.    1896, 
JCm0  Obterxalonj — It«;port  of  the  Kcw  Observatory  Committee  of  the  Boyal  Society 

tnt  1893.     8*0.     1896. 
Li^r-Boat  TtittHuUon,'  Royal  JVottonoJ— Annual  Report  for  1896.     Svo. 
Xim6oi»,  Bo]fal  OlMervatory — Observationa  m^ridiennes  do  la  Pliuil'te  Mats  pendant 

I'oppoMtiou  de  1892.     4  to.     1895. 
Lotdon  County  Cbwncil  Technical  Education  Board — London  Technical  Edaca- 

tkm  G«cette  for  May,  1896.    Svo.     1895. 
Madras  Obiervaiory — Daily  Meteorolofrical  Mpana.    4to.     I89& 

Literary  and  Philomtphieal  Society — Memoirs  and  Prooeedinga,  Fourth 
Series.  Vol.  X.  No.  3.    Svo.     1806. 

Sleaiu  TJier^  Auoeiation — Boiler  Explooiong  Actn,   1882  and  1890, 
Rtsorla,  No*.  764-877.    Svo.     ISil.i. 
Vamatintfltt  Imtiluli  of  Technology — Technology  Quarterly  and  Proceodinga  of 

the  SoHety  of  Arts.  Vol.  VIU.  No.  4.     Svo.     1895. 
Meriamitnl  Enrjinn-m,  IntUltdiim  of — Proceeding]),  181)5,  No.  3.     8vO. 
Mtttonit'-ii  ~  'v.  Aoyiil— Meteorological  Record,  No.  59.    Svo. 

QMTter  No.  9S.    Svo.     1896. 

lUanmeUfnvti  .>"  "  </,  //o^'i/— Journal,  1896,  Part  2.    Svo. 
Hmm  ImfTW— "  The  Nnvy  I^vH^ue."     Svo.     1896. 

mTT  LckKUc  Juumal.  Apnl-May,  1894,    4to. 
XmSomik  Wale*,  Ayitnt-Oeneral  for— Sesi  South  Walca  StatUtioal  Repatcr  for 

1894  and  previocw  yenra.    Svo.     1S96. 
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f%l0tfmfki«  Bociely,  Jloyal — The  Photogmiihic  Joumul  for  April,  1896.    8vn. 
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Boyai  Society  of  London— PbiloBophical  Transactions,  Vol.  GLXXXVII.  A, 
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Prooeedinga,  No.  356.    8to.    1896. 
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Society  of  .4rt»— Journal  for  May,  1896.    8vo. 

Sieeden,  Bmial  Academy  of  Science* — Ofversigt,  Vol.  LII.    8ro.     1896. 

Tacchini,  Profe»*or  P.  Hon.  M.R.I,  (the  Author) — Memorie  deUa  Societii  degli 
Spettroscopisti  Italiani,  Vol.  XXV.  Diap.  4,  5.    4to.    1^6. 

United  Service  Imtitulion,  Bayed — Journal  for  May,  1896.    8vo. 

Vniveriity  of  London— Calendar  for  1896-97.    8vo.     1896. 

Vaughan,  Henry,  Eeq.  M.B.I. — The  Art  of  Ancient  Egypt:  A  Series  of  Photo- 
graphic Plates  representing  objects  from  the  Exhibition  of  the  Arts  rf 
Ancient  Egypt  at  the  Burlington  Fine  Arts  Club  in  1895.  (PriTstely 
Printed  for  Subscribers.)    4to.     1895. 
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Vienna,  Credlogical  Inttitute,  Boyal — Verhandlungen,  1896,  Nos.  4,  5.    8to. 

Yorkihire  PMlotophieal  Society — Annual  Report  for  1895.    8Ta     1896. 

Zoological  Society  of  London- Beport  of  the  Council  for  1895.    Sto.    1896. 


1896.] 


Proftnor  FUminf/  on  EUcUic  Betearch. 


WEEKLY  EVENING  MEETING. 

Friday,  June  6,  1896. 

Thk  Biobt  Hoh.  Load  Eu.yiir,  D.C.L.  LL.D.  F.ILS.  Vice-Pieaideut. 

in  the  Chair. 

PBomsoB  J.  A.  Fuvrao,  BLA.  D.Sc.  F.B^.  MJiJ. 

Eleetrie  and  Magnetic  Retearch  at  Low  Tcmperaiuret. 

Dinnio  the  last  fonr  jcara  ranch  time  has  been  spent  bj  Professor 
Dewar  and  by  me  in  the  prosecution  of  a  joint  research  on  the 
principal  electric  and  magnetic  properties  of  metals  at  Tory  low 
temperatnres.  Some  reference  has  already  been  made  in  proTions 
diaoonises  by  Frofeasor  Dewar  to  portions  of  this  work,*  bat  the 
special  object  of  the  present  lectnre  is  to  extend  these  descriptions. 
Bad  pat  yon  in  possession  of  the  latest  resnlts  in  this  department  of 
tha  low  temperature  investigations.  It  will  be  convenient  to  discoss 
ibe  aereral  divisions  of  it  in  the  order  in  which  they  have  engaged 
cut  Aittention. 

One  hundred  and  sixty-seren  years  ago  Stephen  Gray,  a  pensioQer 
of  the  (Tfaarterhonse,  in  conjunction  with  his  frieEnd  Granvile  Wheler, 
■tntehed  a  packthread  300  feet  long  over  silk  supports,  and  demon- 
atxated  that  an  electrification  of  the  throiid  at  one  end  spread  instantly 
orar  the  whole  mass,  but  that  if  metal  wires  replaced  the  silk  no 
eketrifioatioD  of  the  thread  was  possible.  This  experiment  undoubtedly 
fanned  the  starting-point  for  the  first  definite  recognition  of  the 
nceoHity  for  a  clasmfication  of  bodies  into  insalators  and  conductors, 
a  dialinction  which  Gray's  brilliant  contemporary,  Dufay,  extended 
tad  eonfirmod,  and  for  which  ho  and  Desaguiliers  coined  these  familiar 
lHinfl>t  Gray's  contributions  to  knowlodgc  as  an  epoch-making 
dincovorer  have  received  less  sotioe  from  scientific  historians  than 
their  real  value  deserves.  It  is  less  easy  to  state  who  first  noticed 
that  the  powers  of  conduction  and  insolation  were  greatly  affected  by 
ionpcratore.  Cavendish,  in  1776,  however,  was  perfectly  fiEuniliar 
with  lliQ  fact  that  solutions  of  common  salt  conduct  electricity  better 
wbco  warm  than  when  oold,|  and  made  measorements  of  the  relative 

*  *8dcntilIo  Vtet  of  Liquid  Air.'  A  Fridny  Rvenin^  Diooonne,  by  Pro- 
kmotJ.  Dawar,  LL.D.  F.Ii.S.  delivered  at  the  Rnyal  InBtitution,  Jan  1»,  18M. 

t  8m  the  *  Inlellectnid  Rise  in  Kleetricity,'  by  Park  Benjamin.  Btepben 
Gcnr'i  papoa  on  this  •ubjecl,  coimnuDicnted  to  Ibe  Royal  Society,  are  aa  followi : 
tWL  TniM.  1720,  roL  xxxi.  p.  104  :  1731,  vol.  xxxvii.  p.  18;  1732,  vol.  xxxviL 
.  S»:  nax  vol.  xxxlx.  p.  IC:  17SC  vol.  xxxix.  p.  400.    See  olao  Dnfny.  PhU. 
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resifitancos  of  an  iron  wire  and  a  salt  Rohition  which  were  marrellonsly 
accnrato,  when  we  consider  that  hia  only  moans  of  neasuroment  was  the 
comparison  of  oloctrio  Bliocks  taken  through  the  bodies  to  be  examined. 
Not  nntil  after  the  invention  of  the  battery  and  galvanometer  was 
it  clearly  proved  that  dififereuces  exist  between  the  conducting  powers 
of  metals;  but  by  Davy,  Becquerel,  Ohm,  Ponillot,  Fechner  and 
others  all  the  fundnmeatal  facts  were  ascertained,  and  the  classical 
reeearches  of  Wheatstono  and  later  of  Matthiessen  gave  oa  the  accurate 
laws  and  constants  of  electrical  oonduction.  By  these  investigations 
it  was  shown  that  in  the  case  of  electric  con<i notion  through  metallio 
wires  of  uniform  sectional  area  their  total  resistance  was  proportional 
to  the  length,  inversely  as  the  cross  section,  and  also  proportional  to 
a  specific  ooiiEtaut  for  each  material  called  its  resistivity.  Moreover, 
it  was  found  that  this  resistivity  was  considerably  affected  by  tem- 
perature, gencrnlly  being  increased  in  mutalH  by  rise  of  temperature, 

and  decreased  for  carbon,  electro- 1 
lytic  liquids  and  many  badly  con- 
ducting bodies. 

AJ  though  much  knowledge  of 
the  behaviour  of  pure  metals  and 
alloys  in  regard  to  electric  con- 
duction has  thus  been  acciunn- 
lated,  we  considered  that  it  would 
be  of  great  scientific  interest  to 
exaniino  with  care  the  changes 
occurring  in  the  conductivity  of 
these  bodies,  or  reciprocally  in 
their  resistivity,  when  cooled  to 
temperatures  of  two  hundred 
degrees  or  more  bolow  the  Cen- 
tigrade zero  by  the  aid  of  liquid 
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oxygon  and  liquid  air.*  Knowing  the  great  influence  of  very 
small  quantities  of  impurity  on  this  quality,  onr  first  attention  was 
directed  to  obtaining  samples  of  alloys  and  metals  in  a  state  of  great 
chemical  purity,  in  giving  to  wires  drawn  from  tlicm  a  suitable  form, 
and  in  devising  a  convenient  support  or  holder  by  which  the  electrical 
resistance  of  the  wire  might  be  measured  when  immersed  in  liquid 
oxygen  or  liquid  air,  either  in  quiet  ebullition  in  an  open  vessel,  or 
under  reduced  pressure  in  a  closed  one.  It  will  be  unnecessary  to 
dwell  on  the  difficulties  surrounding  the  preparation  of  theee 
accurately  drawn  motallio  wires  of  pure  metal.  SuflSce  it  to  say 
that  our  obligations  to  Mr.  George  Matthey,  Mr.  Edward  Matthey, 
Mr.  J.  W.  Swan  and  other  friends  wcro  very  great  with  respect  to 


•  Almoet  the  onlv  experimental  work  previously  done  in  tlii«  subjeet 
to  have  he«n  thnt  of  Caillclct  and  Bouly  (' Joiiriml  do  Physiqup.'  July  18S5),  on 
the  '  Rpsintanro  of  Alctaltt  nt  -  100°  C,"  lining  t-tliylpm- ntt  i»  rt-fiiKprotiiis '«p*"t: 
nod  o  i««ettTclt  by  Wroblewnki,  on  the  '  KeBibtnuco  t>t  Copptr  at  very 
Teraperatuns'  ('Coniptca  Rendiu,'  1885,  vol.  ci.  p.  IGl). 
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thU  portion  of  the  work.  The  final  outcome  of  all  failnres  was  the 
prodnctioQ  of  a  reaietanoe  coil  of  the  following  form: — Two  thick 
wifw  of  high  conductivity  copper  about  3  or  4  mm,  thick  are  bent 
■•  shown  in  Fig.  1,  and  wrapped  round  the  lower  part  with  a  cylin- 
drical ahcath  of  thin  vulcanised  fibre  laced  to  them  by  a  silk  thread. 
On  thia  abeatb,  which  generally  had  the  form  of  an  oval  cylinder,  a 
paraSned  ailk  cord  was  spirally  wound  so  as  to  leave  a  helical  groove. 
In  ikia  groove  was  coiled  the  resistance  wire,  of  known  length  and 
■eotion,  and  its  ends  were  attached  by  solder  to  the  ends  of  the  thick 
eopper  leads.  The  wire  was  wound  a  little  loosely  in  the  groove  so 
as  to  allow  for  the  great  contraction  which  takes  place  in  cooling, 
and  yet  the  wire  was  ex]X)sed  so  as  to  take  up  in^tautly  tlio  tcm^iera- 
tim  of  the  bath,  whilst  at  the  same  time  the  mass  of  material  to  be 
cooled  down  was  rendered  as  small  as  possible.  The  length  of  wire 
employed  was  generally  about  one  or  two  metres,  aud  the  diameter 
from  abont  one-twelfth  to  hiilf 
s  millimetre  (-0U3  inch  to 
•02  inch^.  These  mean  dia- 
meters were  ^measured  by 
the  microscope  micrometer  at 
•bout  fifty  to  one  hundred 
places  for  each  metre  length 
of  the  wire.  Having  thus 
prepared  a  great  collec- 
tion of  rcsistanco  coils  of 
pure  metals  aud  alloys,  each 
in  tbo  form  of  a  wire  of 
known  length  and  mean  dia- 
ncAer,  the  next  operation  was 
thb  ■Mwrarement  of  their  re* 
(Muwe  at  definite  tcmpora- 

^^np.  For  the  sake  of  those  not 

^^IC^fiumliar  with  the  details 

fSrt 


Fig.  2. 

Din^Tum  of  arrongonii>nC  of  clrcnlta  for 
coiQparing  rcaifltaiicee  by  means  of  the 
differential  galvanometer. 


of  electrical  mcasuromont,  a  moment's 
lOB  may  be  made  to  explain  two  of  the  priucijml  methods  in 
BcoqQerers  work  was  chieliy  conducted  with  the  differential 
nlvnameter.  In  this  instrument  two  coils  of  wire  of  exactly  equal 
ViBgtb  are  coiled  on  one  bobbin,  in  the  centre  of  which  hangs  a  small 
nagnetio  sec<llo.  The  current  from  a  battery  (see  Fig.  2)  divides 
•t  one  point,  and  flows  along  one  path  through  the  conductor  or 
eoodootots  under  examination  and  through  one  coil  (No.  2)  of  the 
oltlSOBeter.  The  other  portion  of  the  current  flows  through  a  wire 
of  Vttriftble  length  called  a  rheostat,  and  through  the  other  coil  of  the 
ttlftaolMter,  eqaal  in  every  respect  to  the  first  coil,  hut  circulates 
RHud  tbo  needle,  N.S.,  in  an  oppoeite  direction  to  that  of  the  current 
in  the  firvt  coil.  Hence,  if  the  currents  are  of  equal  strength  the 
nnjJB  10  not  disturbed  at  all  from  its  zero  position.  We  can  make 
tk*M  eorreutfl  equal  by  odjuHtiug  the  length  of  tho  wire  of  the 
rfaooetat  ao  that  lU  reaiatanco  ia  equal  to  tho  rosistancc  of  the  coil 
Tot-  XV.    (No.  90.)  B 
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"being  testecl.  By  this  moanfi  it  is  eftsy  to  verify  all  tto  ordinary  laws 
of  oondactioQ.  We  can,  for  instance,  bIiow  at  once  that  by  cooling 
an  iron  wiro  in  iced  water  its  resiBtance  is  decreased,  whereas  in 
cooling  the  carbon  filament  of  a  glow-lamp  its  resistance  is  increased. 
This  method  is  not  generally  bo  convenient  us  the  arrangement 
first  described  by  Mr.  Hunter  Christie  to  the  Royal  Society  in  1833, 
ro-devised  ten  years  later  by  Wheatstone  in  1843,  and  which  has  been 
always  curiously  misnamed  the  "  Wheatstone's  Bridge,"  even  in  spite 
of  Wheatstone's  own  declaration  that  he  did  not  invent  it."  In  this 
arrangement  (see  Fig.  8)  the  current  from  a  battery  B  has  two  paths 
open  to  it  by  which  to  complete  its  circuit,  and  we  employ  a  galvano- 
meter with  a  single  coil  to  discover  two  points  on  these  two  circuits 
which  are  at  equal  potentials.  When  those  two  points  are  connected 
the  galvanometer  needle  is  undisturbed,  and  it  is  a  simple  matter  to 
show  that  under  those  circumstances  the  unmorieal  values  of  the  eleo- 
trical  resistances  of  the  two  segments  A  X,  X  D,  of  the  circuit  A  D, 
denoted  by  P  and  Q,  and  the  resistances  B  and  S  which  form  the 


Pig.  3. 
Wheatstone's  Bridge  arroDf^cmcnt  for  comparing  resiBtances. 

other  branch,  are  to  one  anotlior  in  simple  proportion  as  B  is  to  S — 
that  is,  P  is  to  Q  aa  B  is  to  S.  In  actual  work,  one  form,  useful  for 
lecture  purposes,  which  this  arrangement  takes  is  that  known  as  the 
slide  wiro  bridge  (see  Fig.  4),  and  which  is  before  you.  In  this  con- 
struction the  battery  current  flows  partly  through  a  uniform  wiro  a  h, 
stretched  over  a  scale,  and  partly  through  a  atoudnrd  resistance  B', 
and  the  resistance  R  to  bo  tested  placed  in  scries  with  it. 

We  employ  a  galvaaomoter  Q  to  connect  the  middle  point  between 
R  and  R'  witli  some  point  oh  the  slide  wire,  and  we  can  always  find 
0  point  on  the  slide  wire  such  that  no  current  flows  through  the  gal- 
vanometer. The  ratio  of  the  unknown  lesistance  R  is  to  that  of  the 
known  standard  resistance  R'  in  the  ratio  of  the  lengths  of  the^two 
sections  into  which  the  contact  piece  divides  the  slide  wire.  Hence 
R  is  determined  in  terms  of  B'.  Another  form  of  this  appliance  in 
which  all  three  arms  of  the  bridge  consist  of  coils  of  wire  capable  of 

*  Sec  Phil.  Trans.  1833,  Mr  S.  Hnntor  tSirigtic,  on  Uie  'ExporimenbU 
DetorniinBlion  of  the  Lawsof  Ma^eto-Eluctric  Indiiriinn.'  Sefi  also  Wliealstono'a 
8«ienttJIc  Papers,  p.  P29,  'An  Account,  of  Ht<veral  new  instramants  for  dotonuiiuDg 
the  €k)D«tant  of  a  Voltaic  Circuit,'  Phil.  Trans.  voL  cxxxiii.  p.  S03,  1843. 
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being  joined,  as  required,  in  serios  with  each  other  by  plags,  is  most 
MmmouljT  naed,  and  it  was  a  most  carefully  adjusted  Elliott  bridge  of 
this  last  pattern  which  wo  employed. 

All  onr  resistanco  meaBuromonts  havo  beon  roilucod  to  express 
them  in  terms  of  the  International  ohm,  as  defined  by  tho  Board  of 
Trade  Committee,  and  obtained  by  reference  to  standard  coils  care- 
inlly  standardised  for  us  at  Cambridge.  By  this  means  the  whole  of 
our  wins  were  measured  at  five  definite  toraperahires,  viz.  at  about 
200*'  C. ;  at  the  temperature  of  boiling  water,  100°  C. ;  at  tho  tem- 
poratnre  of  melting  ioe,  0*  0. ;  at  the  temperature  of  solid  carbonic 
■dd  melting  in  ether,  which  gives  a  tomporature  of  about  —78"^  0.; 
ud  at  the  temperature  of  liquid  oxygen  boiling  under  a  pressure  of 
760  mm.,  which  gives  a  temperature  of  — 182"  C. 
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Fio,  4. 
Slide  wire  bridge.    Lecture  furm. 

la  this  last  case  tho  coils  were  immersed  in  liquid  oxygen  con- 
in  suitable  vacaum-jacketed  vessels.  In  this  connection,  I 
Atmid  like  to  express  with  due  emphasis  the  opinion  that  none  of 
thk  low. temperature  research  would  havo  been  possible  at  all  with- 
<mt  tho  uastanoe  of  Professor  Dewar's  most  valuable  iuveutioii  tbo 
fflsnr  moniun-jacketed  silvered  vesseL  For  much  of  this  work  it  has 
immt  DeosHsry  to  employ  many  litres  of  li(]uid  oxygen  and  air  at  a 
Itaw,  and  to  be  able  to  keep  it  for  hours  in  a  state  of  perfect  qui- 
Mcaaos  and  absolutely  constant  temperature,  and  in  no  way  could 
tUa  have  been  done  without  this  beautiful  and  scientific  device. 

Befiire  describing  the  results  of  these  experiments  it  may  bo 
fataroating  to  exhibit  a  few  of  the  principal  fucts.  Tho  most  strik- 
iag  of  them  is  the  very  groat  reduction  in  eloetrical  resistance,  or 
'imtf*'  in  conductivity,  ex]>erienocd  by  all  tho  pure  metals  whoa 
aoolad  in  liquid  air.  Hero,  for  instance,  are  two  coils  of  iron  wire : 
balaaoing  Ihem  on  the  bridge  we  find  tliom  to  be  of  exactly  equnl 
bnt  if  one  of  tho  coils  is  cooled  in  liquid  air  its  resistanco 
^wJueed  to  about  one-tenth  of  its  resistanco  at  the  ordinary  tem- 
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peraturo  of  the  air.  We  may  also  compare  the  reaistances  of  these 
two  giinilar  iron  coils,  when  one  is  placed  in  boiling  liquid  air  and 
the  other  in  boiling  water.  The  reBiatances,  instead  of  being  in  the 
ratio  of  one  to  one,  are  now  in  the  ratio  of  one  to  twelve.  Again,  if 
we  take  two  wires,  one  of  pure  iron  and  one  of  pure  copper,  of  exactly 
equal  length  and  etiual  section,  we  find  that  at  ordinary  temperatures 
(15''  C.)  the  iron  wire  has  aboat  six  times  the  resistance  of  the  copper; 
but  if  we  cool  down  the  iron  wire  in  liquid  air  to  — 186°  C,  still 
keeping  the  copper  coil  at  the  ordinary  temperature  (15°  C),  we  now 
find  that  the  iron  coil  has  actually  become  a  much  better  conductor 
(about  30  per  cent,  better)  than  the  copper.*  On  the  other  hand,  if 
we  examine  the  bohariour  of  this  coil  of  Gorman  silver,  which  is  a 
copper-zinc-nickol  alloy,  or  of  this  platinum-eilvor  coil,  we  find  that 
the  cooling  down  through  200'^  has  a  comparatively  small  effect  upon 
its  electrical  resistance.  We  thus  see  that  whilst  pure  metals  have 
their  electrical  resistance  immensely  decreased  by  cooling  to  the 
temperatui-e  of  liquid  air,  alloys  generally  do  not  experience  anything 
like  so  great  a  change. 

A  word  or  two  mnst  next  be  said  on  the  manner  in  which 
we  have  represeated  graphically  all  the  results  of  our  experiments. 
We  desired  to  debneate  lines  on  a  chart  so  as  to  express  the 
change  in  specific  resistance  of  all  oar  metals  and  alloys  in  terms  of 
temperature  ;  and  the  question  then  arises,  how  was  the  temperature 
measured  ?  You  alreivdy  know  that  au  ordinary  thermometer, 
whether  mercury,  alcohol,  or  air,  would  be  useless  to  measure  tem- 
peratures at  which  even  air  liquefies  under  ordinary  prcsBures. 

The  employment  of  the  constant  pressure  hydrogen  thermometer 
with  reduced  pressure  would  have  given  us  temperature  readings  very 
approximfttely  those  of  the  absolute  thennodynaraic  scaIc,  but  the 
experitueutal  difficulties  of  its  use  wonld  have  been  enormous.  Wa 
preferred  to  use  the  plntiiium  resistance  thermometer,  and  to  express 
our  temperatures  in  platinum  degrees  as  follows : — Our  experience 
has  shown  us  that  a  pure  soft  annealed  platinum  wire  may  be  cooled 
as  often  as  necessary  to  the  lowest  attainable  temperatures,  and  yet 
will  always  have  the  same  resigtance  when  measured  again  at  other 
constant  temperatures.  Availing  ourselves  of  this  fact,  we  have  used 
in  all  this  work  a  low  temperaturo  platinum  tbermometor  made  in 
the  following  way : — A  well-aunoalod  platinum  wire  is  made  into  a 
resistance  coil,  as  already  described.  Its  resistance  is  carefully 
measured  at  the  temperature  of  boiling  water,  100°  C,  and  melting 
ice,  0^  0.  From  these  measurements  we  construct  a  scale  of  tempera- 
turo as  follows : — A  horizontal  line  A  E  (see  Fig.  5)  is  taken  on 
which  to  mark  off  temporatiu^,  and  any  two  points  A  and  B  are 
taken  on  this  lino  and  the  length  A  B  divided  into  one  hundred 
equal  parts.     At  these  points   B  and  A  perpemliculars  are  set  up 

*  Tbe  exact  resiatanoes  of  the  ooita  used  for  the  oxporiment  were  aa  follow*: 
lion  at  16*^  C.  —  7-003  ohms,  and  reduoee  to  0-711  ohms;  at  -  186°  C.  ooppa 
at  leo  =  1  •  169  ohms,  t«ducea  to  0  ■  2033  at  -  18ti°  0.  ' 
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proportional  to  the  resistance  of  the  platinnm  wire  at  0°  0.  and  at 
100^  respectively,  and  through  the  tops  of  these  perpendiculars  a 
doping  straight  line  is  drawn  until  it  cuts  the  axis  of  temperature  at 
£.  The  gradoatioo  of  the  horizontal  lino  is  continued  in  both 
direotioQB  on  the  same  scale  as  the  subdivision  of  the  line  between 
the  pointfl  marked  0  and  100.  To  measnre  and  define  any  other 
temperatare,  say,  for  instance,  the  boiling-point  of  liquid  oxygen 
nnder  a  pressnro  of  760  mni.,  we  have  simply  to  measure  the  resist- 
an««  of  the  platinum  wire  in  the  liquid  oxygen.  We  then  look  oat 
OB  the  chart  the  ordinate  which  has  the  samo  numcrioal  value  as  the 
MBUtMkoe  of  the  wire  in  the  oxygen,  and  at  the  foot  of  that  ordinate 


FlO.  5. 
Method  of  eonatrucling  n  scale  of  plstinnm  tempvratare. 

we  find  a  nnmber,  viz.  ( — 197),  which  is  the  temperature  of  the  liquid 
oxygen  on  this  platinum  scale. 

Two  qneHtions  then  arise— first,  Do  all  annealed  platinum  wires 
give,  when  used  in  this  way,  the  samo  numerical  values  for  definite 
and  identical  temperatures  ?  The  answer  to  this  is,  Nearly,  but  not 
quite.  In  the  case  of  two  thormomotors  much  used  by  as,  the  diflfer- 
•DOft  was  about  half  a  degree  at  — 100°  0.,  the  boiling-point  of  liquid 
edhylMie.  Into  tliis  matter  it  is  not  possible  here  to  enter  more  fuUy  ; 
nflee  it  to  say  that  we  have  invariably  referred  our  temperature 
IMiasilniiiu  iifii  to  one  standard  thermometer.  The  second  question  is 
aqnally  important — it  is.  What  is  the  relation  of  tho  scalo  of  tempera- 
\m9  ao  delibod  to  tho  absolute  thermodynamic  Bcale ;  or,  which  is 
Tvrj  nearly  the  same  thiu^,  to  the  scale  uf  temperature  defineil  by  a 
ooBslant  prcssnre  hydrogen  thermometer  ?  If  tho  air  thermometer 
and  platinam  thcrmometor  readings  are  made  to  agree  at  0'  C.  and 
KKr  C,  then  a  teraporatnre  which  would  bo  called  60°  on  the 
Centigrade  ircale  would  bo  denoted  by  50*4  nearly  on  the  platinum 
Uunnoiaeter  scale,  and  corresponding  to  -  78°  on  the  Centigrade 
■oab^  which  is  the  temperatare  of  carbonic  acid  molting  in  other. 
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The  platinnm  tcmperataro  by  onr  standard  is  -81° -9;  and  oorro- 
Bpondiiig  to  -  182"^  C,  which  is  very  nearly  the  Centigrade  tempera- 
ture of  liqnid  oxygen  boiling  at  the  normal  prcBsui-o  of  760  mm. ; 
the  platinum  temperature  by  the  same  standard  is  - 197^.  The 
conversion  of  these  nnmbere  representing  low  temperatures  in 
platinum  degrees  into  the  numbers  representing  the  corresponding 
absolute  thermodynamic  temperatures  is  a  work  we  have  reserved  for 
a  futxu'e  research  ;*  but  meanwhile  it  may  be  said  that  there  is  no 
method  of  measuring  low  temperatures  which  is  so  easy  of  applica- 
tion and  so  accumto  as  that  depending  on  the  use  of  a  platinum 
thermometer.  All  our  work  has  been  ultimately  referred  to  one 
standard  platinum  thermometer,  which  wo  call  P,. 

A  Huggostion  may  here  be  made.  There  is  no  reason  why  the  Board 
of  Trade  electrical  hiboratory  should  not  possess  a  standard  platinum 
thermometer  definiug  officially  platinum  or  absolute  temperatures  for 
all  time,  and  with  which  other  platinum  thermometers  could  bo  easily 
and  very  accurately  compared. 

Having  thus  defined  our  scale  of  tomperature.  we  proceeded  to 
embody  the  whole  of  our  results  in  a  chart  which  is  now  before  you 
(see  Fig.  6),  and  in  which  vertical  distauccB  represent  resistivity,  or 
specific  resistance,  or  the  resistance  in  absolute  measure  per  cubic 
centimetre  of  the  various  metals,  and  horizontal  distances  represent 
platinum  temperatures.  The  curves  indicate  the  manner  in  which 
the  resistivity  varies  with  temperature  for  each  substance. 

The  values  of  the  resistivity  of  most  ordinary  meteJs  and  alloys 
are  given  in  tbo  table  adjoining : — 

ElEOTUICAL  REaiSTlVlTT  OP  PuBi;  Anseauep  MetaLs- 


Matol. 


In  0^.8. 
units  si  0°  C. 


PUver  .. 

Copper 
Gold     .. 
Atuinlnium 
Magnekium 
Zlno    ... 
Iron     .. 
Oadmium 
misdium 
Flfttinuni 
Nickel . . 
Tin      ..      . 
ThRllium    . 
Lead    . . 
Mercury 
TiiHniiitii 


1 

1 

2 

2 

4 

5 

9 

10 

10 

10 

12 

13 

17 

20 

04 

lUS 


,468 
,561 
,197 

,6G5 
,355 
,751 
,0(>5 

02!l 
,219 
,917 
,S23 
,048 
,633 
,3«0 
,070 

000 


PeromUge 

iDeremeat. 

0"  to  100"  C. 


40-0 

42-8 

87-7 

43-5 

38-1 

40-6 

62-5 

41-9 

35-4 

36-69 

62-2 

440 

39-8 

41-1 

38-88 


Atomic 
Tulamc. 


lOOi 

710 

1004 

10-56 

13-76 

918 

710 

12  96 

913 

9-12 

6"»t 

16  20 

17-20 

18-27 

14-56 

21  4S 


4 


4 


4 

4 


•  t^llcudtir  Iia8  nbown  tliat  ovor  a  wide  ran>jG  of  ti'mpfratupo  from  0°  C  to 
700°  C.  tlio  ditfcreuce  hetwwn  tLe  platitium  twnperAturo  iiml  the  air  Uionnometor 
teaiiJcratuxo  in  a  parabolic  fiuictioa  of  tUo  absolute  tempeiutuio. 
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Alloj. 


AlaminiucQ-copjMtr    .. 
AiuiainiutQ-titnnium 
Al  iimmiain-«il  vcr 

Oold-ailver 

Cop{icr-aluminicim    .. 
C>>|.ip*'jMU  ckc]-«laniiniimi 
PUUnum-rbodiam    .. 

Nickel-iron 

German  I  ilref  .. 
Hatinum-iridinni 
i'latiaam-AilTer .. 
PUttDoid     .,      ..      ., 

M>t>g»tiiTi 

IfDB-imuigaiDeM) .. 


Com^otUiniL 


94  :  G 

94  :  6 
90  :  10 

97  ;  3 

87  :  6i  :  6i 

90  :  10 

95  :  5 
=Cu,Zn,Nij 

=  Pt,lr 

1  :  2=mg, 


88  :  12 


RariMinty 
unlUiia^C. 


2.904 
3,887 
4,641 

(>,280 
8,847 
14,912 
21,142 
29,452 
29,982 
30,896 
91,582 
41,731 
46.678 
07,148 


Increment, 
O^CtolOCCC. 


38  1 
29-0 
23-8 
12-4 
8-97 
6-45 
H-3 
20-1 
2-73 
8-22 
2-43 
31 
0- 
J2-7 


t 


TLe  firet  thing  which  strikes  ub  on  looking  at  the  churt  (Fig.  6)  ia 
that  the  lines  for  thu  pnre  motals  all  converge  downwar<l8  in  such  a 
TiMinTinr  as  to  indicate  that  their  electrical  resistance  would  vanish  at 
the  ftbsolato  zero  of  teoiperataro.  but  that  no  sach  convergence  ia 
indicated  in  the  case  of  alloja.  We  have  found  that  the  slightest 
impnrity  in  a  uietal  changes  the  position  of  the  resistance  line.  In 
the  next  pluoe,  note  that  the  order  of  conductivity  is  difierent  at  low 
tcmpitfatares  to  that  at  ordinary  temperatures.  At  13°  C.  pure 
•ilrer  is  the  best  conductor,  but  at  -  200^  pure  copper  ia  bettor 
tlian  silver,  and  the  position  of  mercury  is,  of  coarse,  very 
difit'rent. 

Again,  the  lines  of  some  metals  are  vory  much  curvod.  The 
iipal  magnetic  nictale,  iron  and  nickel,  havu  lines  which  arc 
ooDcave  upward):,  and  this  is  a  cliaractorititic  apparoutly  of  many 
io  alloys.  The  nieuu  temperature  coefficient  of  thoM)  niiigiietio 
melaU  between  0''  C.  and  100^  C.  ia  much  larger  thau  that  of  other 
BWhils,  and  the  percentage  decrease  in  resistauco  in  cooling  them 
fimm  -f  200'  C  to  —  200'^  0.  is  greater  than  in  the  case  of  any  other 
loctal.  It  ia  Worth  noting  in  pasaiug  that  these  magnetic  motala, 
iruD  and  uiukul,  have  smaller  atomic  volumes  than  any  other  metal, 
anil  that,  g<.'aerally  apeuking,  the  worst  vomlucturti  amougst  ttiu  metals 
ans  thiMo  that  have  lh»  largo  atomic  volumes  and  large  valeucy. 

Next  tomiug  to  alloys,  we  may  make  mention  of  a  few  general 
fmcUi  with  ^ega^l  to  their  resistance.  If  to  one  pure  metal  wo  add  a 
■Ball  quantity  of  any  otiicr  metal  the  result  is  always  to  raise  thu 
IwisliiDoe  line  aiiiioMt  parallel  U)  that  of  the  predumiuaut  constituent. 
Thtjn,  ill  our  owTj  chart,  the  alloy  cunsiHtiiig  of  (5  per  cent,  of  copper 
with  \IA  por  cent,  of  aluminium  ia  parallel  to  the  aluminium  Hue,  but 
higher  up.  Throe  per  ceut.  of  aluminium  added  to  97  por  cent,  of 
copper  yields  an  alloy  with  a  roai&iauco    lino  parallel  to  that  of 
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oopi>er,  also  higher  op.  When  two  pnre  metals  are  alloyed  together 
in  Tarioos  proportions  there  is  generally  some  proportion  in  which 
the  resaltant  alloy  has  a  maximum  resistivity,  and  except  in  the  case 
of  alloys  of  zinc,  tin,  lead  and  cudmiam  with  each  other,  the  resistivity 
of  the  alloy  is  greater  than  that  of  either  of  its  constituent  metals. 
In  the  case  of  many  well-known  alloys  the  proportions  which  giro 
high,  if  not  the  highest  resistivity  are  those  which  correspond  to 
definite  and  possible  chemical  combinations  of  tho  metals  with  each 
other,  as,  for  instance,  iu  the  wcll-knon'n  platiuum-silver  alloy  in 
proportion  33  to  6G,  which  corresponds  in  profiortion  with  the  com| 
bination  PtAg, ;  the  iroQ-nickel  alloy  in  proportion  of  80  to  20,  wl 
corresponds  with  the  combination  NiFe^ ;  the  platinam-iridiam  i 
80  to  20,  which  corrcsponils  with  the  combimiiion  IrPt^; 
copper-mauganose  alloy  70  to  30,  which  corresjionds  with  the ' 
pound  Cu.,Mn ;  all  of  which  are,  as  far  as  valency  is  oonc 
possible  compouuds.  It  is,  however,  found  that  very  higli  rosi 
generally  iiivolvus  in  alloys  a  want  of  tenacity  and  ductility^ 
when  we  roach  such  limits  as  100  microhms  per  cubic  ceutimet 
begin  to  hud  the  solid  alloys  becoming  less  useful  on  account ' 
deterioration  of  their  useful  mechanical  quality. 

We  have  especially  studied  the  electrical  resistance  at  low 
peratures  of  a  largo  series  of  steel  alloys  containing  varying  prop 
tions  of  niokel,  alominium,  chromium,  tungsten  and  mangan«M 
them. 

We  have  found  that  tho  eleotrioal  effect  of  adding  to  the  iron 
other  elomonts  of  tlie  alloy  is  usually  to  shift  up  the  resistance 
nearly  parallel  to  itself,  so  that  the  resistance  lines  of  all 
alloys  are  nearly  parallel  to  that  of  tho  iron  line,  only  the  at 
value  of  all  the  ortliaates  is  increased.  This  is  equivalent  to  i 
that  the  effect  of  tho  added  material  is  to  increase  the  specific 
anoe,  but  not  to  alter  tho  slope  or  form  of  the  resistance 
Amongst  these  steel  alloys  there  are  two  or  three  that  arc  very  i 
ostiug.  A  nickel-steel  ailoy  containing  19  per  cent  of  nick^-!, 
to  ua  by  Mr.  B.  A,  Hudfiohl,  exhibits  some  very  extraordinary  proj* 
ties.  Nickel-steel  alloys  with  large  percentages  of  nickel  can,  as  " 
Hopkinson  has  shown,*  exist  over  wide  limits  of  temperature  in  it 
different  physical  elates,  in  one  of  which  they  are  strongly  magnetiJ 
and  in  tbo  other  of  which  they  are  feebly  magnetic,  and  thej 
pass  from  tho  non-magnetic  to  the  miiguetio  on  cooling  to  loi 
temi>eratures.  Hero,  for  iustaneo,  is  a  sample  of  the  I'J  per  cenO 
nickel-steel  in  tho  non-magnetic  condition.  If  it  is  cotded  in  liquid 
air  we  can  make  it  pass  instantly  into  a  magnetic  condition.  In  tho 
first  state  it  is  fairly  ductile  and  ]>taBtio,  but  in  the  second  state  it  is 
very  hard  and  brittle.  Moreover,  its  electrical  resistance  and  thermo- 
electric power  are  both  pornianeutly  altered  on  undergoing  this 
change.     In  the  uon-maguetio  state  it  has  a  high  resistivity  of  about 


See  Proc.  Roy.  Soc.  1890,  toI.  iMi.  p.  138. 
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81,500  C.O^.  Tiniia  per  onbio  centimetre  at  0°  C,  but  on  cooling  in           ^M 
liquid  air  and  becoming  magnetic  it  is  found  to  have  decreased  to           ^M 
about  47,200  C.G^.  units  when  tiiken  at  0°  C.     A  very  pretty  way           ^M 
of  ahovring  this  difference  in  resistivity  is  to  dip  one  half  of  a  wire  of           ^M 
tbe  19  percent  nickel-steel  in  lii^uid  air,  and  theu  take  it  out,  and            ^M 
pan  a  strong  electric  current  through  the  wire.     The  current  raises           ^| 
tfas   half  which   has  not  been  dipped  into  liqaid  air  to  a  rod  heat            ^| 
before  the  other  half  is  visibly  red  Lot.                                                                  ^M 
It  is,  perhaps,  more  comet  to  say  that  tliis  alloy  can  exist  in  an            ^M 
iafiuity  of  different  physical  states,  because  we  have  found  that  the           ^M 
lower  it  is  ooolod  in  temperature  the  lower  its  resistivity  can  be  made           ^M 
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»•  -fSa'    -<0o5    -50*     -05    ♦  50*   -MOO*  -tc 

Fig.  7. 

'trinliiiD  nf  rtwiativity  (if  nickol-Btwl 
Ijrough  a  cyclei  "f  tHOipeniture  from  - 
and  back  aguiiL 

red  again  at  ordinary  temperatu 
a  bright  red  heat  it  goes  bock  in 

ig.  7)  before  yon  shows  the  m 
oe  varies  between  the  limiti^  of  — 
taken  throngh  a  cycle  of  tempo 
i-niagnctic  state. 

ut.  uiukcl-steel  exhibits  the  sax 
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ii  room  for  much  valuable  work 
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■  magnetic  and  a  practically  u 
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Tho  magnotio  variety,  which  is  much  more  brittle,  is,  hoveTer,  in 
this  case  formed  by  the  prolonged  slow  heating  of  the  non-magniatio 
variety  out  of  ooutaot  with  air.  In  the  non-magnetio  conditioQ  the 
material  has  a  rather  high  specific  resistance  at  0°  C,  about  66,700 
0.(t.S.  units  per  cubic  centimetre ;  but  the  magnetic  variety  has  a 
much  lower  specific  resistance,  viz.  about  61,400  G.G.S.  units  at  O^O. 

In  all  these  cases  it  is  interesting  to  note  that  the  change  of  tin 
alloy  into  the  magnetic  variety  is  accompanied  by  a  decrease  in  resia- 
tivity  or  increase  in  conductivity,  and  an  increase  in  brittleness. 

We  liave  tried  cooling  this  non-magnetio  variety  of  manganese- 
steel  in  liquid  air,  but  have  not  been  able  in  that  way  to  make  any 
change  in  its  condition  as  regards  magnetic  susceptibility. 

There  is  a  jiarticular  alloy,  of  copper  SI  per  cent,  manganese  12 
{>or  cent.,  and  nickel  -L  per  cent,  called  manganin,  which  at  otdinaiy 
temperature  exhibits  but  little  change  of  rosiBtance  with  change  at 
U.<uijicratare.  On  taking  the  curve  of  its  resistance  over  wide  ranges 
of  temperature  we  find  that  its  curve  is  very  concave  downwards^  and 
tlio  vortex  of  the  curve  lies  at  about  IS''  0.  Hence  at  ordinary  tem- 
IK'raturos  small  changes  of  temperature  make  no  change  in  its  resis- 
tanoo;  but  above  that  point  its  temperature  coefficient  is  negatiTe^ 
and  below  it  it  is  positive.  All  alloys  in  which  a  negative  tempem- 
turo  CiH>ffioieut  has  been  obeorreil  are  probably  instances  of  the 
same  minlo  of  variation  of  resistance.  It  may  be  noted  in  paanng 
that  the  elomvut  manganese  when  present  in  an  alloy  seems  to  have 
a  gn<at  tendency  to  produce  high  resistivity  and  small  temperatore 
cvK'fficient, 

Hoturuing  then  to  the  pure  metals,  we  may  ask.  What  is  the  meaa- 
iug  of  the  fact  that  iu  their  case  the  resistance  lines  all  conreres 
tio  as  to  indicate  that  the  electrical  resistance  would  vanish  at  the 
alvM>Iuto  lero  of  t<.'mporatui«  ? 

We  know  that  the  passage,  as  we  call  it,  of  an  electric  etaaeai 
thTv>ugh  a  ovviductor  heats  it.  and  that  bv  Joule's  law  the  rate  of  pN- 
duotiott  of  heat  in  the  conductor  is  pn^portional  to  the  square  of  At 
current  suvugth  auvl  to  the  total  resi6tan«.v  of  the  condoctor. 

SupjKXw  wo  take  two  wires«  cay  of  iron  and  a  certain  eofpEi^ 
iiiokel-^Juminium  alloy  having  the  same  t««istiTitT  at  100'  C.  ui  df 
li-.o  «amo  siio  and  length.  These  wires  will  at  -*-  100"  C.  haw  li» 
«amo  Ksistani.'e.  A  given  current  flowing  through  them  will  therrfo 
generate  heat  i:i  then  U^  at  the  same  rate. 

t.\vl  them  K^th  o.v>wii.  howvTvr.  to  the  bc-mjKranue  of  liqaiitf- 
r.1  the  ca^-  ot  icv>c-wire  the  rvsistanee  Ls  redaccd  to  ozK-fifkeeaA  '^ 
its  valut'  at  —  -vv'  C  in  thi  other  ca£«  it  is  nidneied  by  only  It)^* 
eect.  Hence,  at  the  low  tempentcre  the  alloy  diasfpateB  esecgf  f* 
the  «a:se  earreiit  loV  tiiues  as  np-:.Uy  as  the  pore  metaL 

It  i$  a  logu-;fcl  deiiuctio::  frv'^  all  w  know  h>  oecclode  tka  if  ** 
«.vuid  tvaoh  u:e  a\>s«.  lu:e  fi*rv'  vf  fcrciperatcre  the  pore  cuol  w^ 
::s<s  dissijwse  the  euer^  of  the  ecirncZLt  a:  all.  Loagine  tw  x* 
wiivSk  ih-en.  stKSchxxl  thrvsizb.  sntci-.  say  £n:ci  tae  earth  to  ^ 
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ud  kept  everywhere  at  the  absolnte  zero  of  temperature,  we  conld 
tiMJimt  any  amount  of  electrical  energy  along  them  without  diaai- 
pttiDg  ujy  of  it  as  heat  in  the  wires. 

ht  a  oonsequenoo  of  this,  any  pur©  metal  cooled  to  the  absolute 
iMO  of  temperature  would  become  a  perfect  screen  for  electro- 
■•gMtio  radiation,  and  would  bo  perfectly  impenetrable  to  oloctro- 
MigMtic  induction. 

We  can  show  this  increase  in  tho  ,power  of  electro-magnotic 


Fio.  8. 


^■Ibrnatiog  corrcnt  nw^rnpt  hnvinf?  n  coil  C  Ixlwccn  ita  polos  ovor  which  a 
•Iik'ld  A  of  tUciminituii  can  bu  placed. 


by  motals  when  cooled  in  tho  following  way.  A  suitablo 
^  flf  wuc  C  iH  placed  (see  Fig.  8)  between  the  poles  of  an  alternating 
^^XBi  magnet  M,  M  and  a  sniall  iiiamdosccnt  lamp  L  connected  with 
'**OQiL  When  the  magnet  is  excited  it  inducos  currents  in  tho  coil 
*Ba  the  lamp  glows  up.  A  cap  of  aluminium  A  is  madu  of  such  a 
^  a«  to  drop  easily  over  the  coiL  This  aluminium  is  not  of 
^%iiMit  tlucimen  or  conductivity  to  scroeii  ofi'  the  induction  when  it 
1 WB.    Jt,  bowcrer,  we  cool  tho  aluminium  cap  in  liipid  air  and 
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then  drop  it  oyer  the  coil  the  lamp  for  one  instant  goes  ont,  bat  it 
brightens  up  again  as  the  metal  cap  instantly  warms  up.  This 
shows  us,  however,  that  if  the  cap  were  at  the  absolute  zero  of 
temperature  it  would  then  bo  a  complete  screen  for  the  induction. 
In  fact,  these  experiments  furnish  us  with  a  new  definition  of  what 
we  mean  by  the  absolute  zero  of  temperature.  It  is  the  tempera- 
ture at  which  perfectly  pure  metals  cease  to  have  any  electrical 
resistance. 

In  the  conduction  of  currents  at  ordinary  temperatures  as  we 
generally  know  it,  two  eSects  are  inseparably  connected  with  the 
oonveyanco  of  energy  by  this  process.  One  is  the  dissipation  of  some 
of  the  energy  as  heat  in  the  conductor,  the  other  is  a  loss  of  potential 
or  fall  of  electric  pressure,  the  latter  being  one  of  the  factors  in  the 
equivalent  of  the  energy  so  dissipated.  If,  however,  the  conductor  is 
at  the  absolute  zero  of  temperature,  there  would  be  no  heat  produced 
in  it,  and  no  fall  of  potential  along  it,  either  for  large  or  small 
currents.  What  then  under  these  conditions  is  the  function  of  the 
conductor  ?  The  answer  is,  that  it  becomes  a  mere  boundary  serving 
to  limit  the  electro-magnetic  field  and  determine  the  direction  in 
which  the  energy  transmission  is  taking  place.  These  experiments 
therefore  may  be  regarded  as  forging  one  more  important  link  in  that 
chain  of  experimental  evidence  which  compels  us  to  look  for  the 
processes  concerned  in  the  conveyance  of  energy  by  an  electric 
current,  not  inside  the  conductor  as  we  call  it,  but  in  the  dielectric 
or  medium  outside.  We  may  then  ask,  How  is  it  that  diiferent  bodies 
bavo  such  various  dissipative  powers  when  acting  in  this  way  as  the 
boundary  of  an  electro-magnetic  field  ?  The  only  suggestion  on  this 
point  I  venture  to  luako  here  is  as  follows : — Materials  of  high 
specific  resistance  have  all  probably  a  very  complex  molecular  struc- 
ture. The  alloys  of  high  resistivity  are  probably  not  merely  soli- 
dified mechanical  mixtures  of  metals,  but  chemical  compounds,  and 
even  in  the  case  of  elementary  bodies  like  carbon  and  sulphur,  which 
have  high  resistivity,  these  last-named  bodies  may  have,  owing  to 
their  high  valency  and  tendency  of  their  atoms  to  auto-oombination, 
a  complex  molecular  structure. 

This  structure  may  bestow  upon  them  the  power  of  taking  up 
energy  from  the  oloctro-magnotic  medium,  just  as  gases  with  a  highly 
complex  molecular  structure  ore  very  absorbent  of  radiant  heat,  which, 
if  the  electro-mugnetic  theory  of  light  is  true,  is  only  another  fonn 
of  electro-magnetic  energy.     All  we  know  at  present  about  the  pn>- 
cesses  at  work  during  the  time  a  conductor  is  traversed  by  an  elcctrio 
current,  is  that  there  is  a  magnetic  field  outside  the  conductor  and 
•Ibi)  within  the  mass  of  tbo  conductor,  and  that  some  mechanism  is  at 
work  absorbing  energy  tlirough  the  surface  of  the  conductor  and 
dissipating  it  as  heut  in  the  interior.    The  resistance  of  a  conductor 
is  bct;t  dutiiied  as,  and  numerically  measured  by,  the  number  cxprei«- 
ing  the  rate  at  which  it  dissipates  electro-magnetic  energy  per  unit 
of  current.     For  the  samo  current,  that   is   for  the  same  extenul 
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magnotic  field,  oondncton  dissipate  this  energy  at  very  different 
talM.  Some,  like  eilver  and  copper,  which  have  the  lowest  rates, 
■re  elements  of  low  valency  and  relntively  small  molecular  volume, 
and  have  probably  a  simple  molccnlar  structure  ;  others,  liio  alloys 
of  high  resistivity,  have  in  all  probability  a  moro  complex  molecular 
Btnictore.     Both  this  last,  as  well  as  the  molecular  mobility  charao- 


Fio.  9. 
Bcaiatirity  onrve  of  mercury  in  terms  of  platinum  temperatoro. 

'*ri«tio  of  the  liquid  state,  are  conditions  which  bestow  tlio  power  of 
■kinj;  up  rapidly  aud  dissipatiug  the  energy  of  the  electro-niagnotio 
"'U,  Hid  tliis  energy  has  to  be  kept  supplied  from  external  ouorgy- 
■"tafonning  sources.  Wo  cannot,  however,  at  present  profitably 
^"aitlMt  further  mechanical  hypotheses  to  account  for  this  dificrenco 
BitvuB  oouductors,  in  the  presence  of  our  great  ignorance  about 
*^i  molaeoles  and  energy. 

la  piMJng  from  the  liquid  to  the  solid  state  there  is  generally  an 
iPfflyMC  in  the  condnctlng  power  of  metals.     This  is  well 
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shown  in  tbe  case  of  mercury.  A  glaas  tube  a  metre  in  length  was 
formed  into  a  spiral  coil  and  filled  with  pare  mercury,  euitable  con- 
nections being  provided  at  the  ends.  This  coU  was  imbedded  in  a 
muss  of  parafiSn  wax,  and  a  platinum  wire  thermometer  placed  in 
contact  with  it.  The  whole  mass  was  then  rodaoed  to  the  tempera- 
ture of  liquid  air,  and  observations  taken  of  the  resistance  of  the 
mercury  as  it  heated  slowly  up  after  being  removed  from  the  liquid 
air.  The  curve  in  Fig.  9  shows  the  manner  in  which  the  resistauoo 
increases  with  groat  suddenuess  between  —  4 1°  and  —  SG"*  as  the  metal 
pMses  into  the  liquid  condition.  The  resistance  becomes  four  times 
greater  between  —  50°  and  —  36°  in  the  course  of  14^  rise  of 
temperature,  and  whilst  in  the  act  of  passing  through  the  melting 
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Fto.  10. 
RoBistivity  carves  of  bismuth  in  terms  of  platinum  temperature. 

point  of  the  mercury  at  —  38°  •  8  C.  This  chart  shows  that  the  reffl**" 
anoo  curve  of  the  mercury  in  tlio  solid  state  tends  downwards,  to  f ' 
to  indicate  that  its  resistivity  would  completely  vanish  exactly  at  (* 
absolute  zero  of  temperature.  It  is  interesting  to  note  also  that  f 
portion  of  the  resistance  curve  belonging  to  mercury  in  the  eoUd 
state  is  sensibly  parallel  to  that  portion  of  it  in  the  liquid  state. 

Wo  carrieil  on  a  long  struggle  with  bismuth  in  tho  endeavour  t*J 
nnravel  some  of  tho  electrical  peculiarities  of  that  metal  at  low  1«B>*I 
peratnres.  Chemists  are  aware  of  the  extreme  difficulty  of  prep 
bismuth  in  a  state  of  perfect  chemical  purity  by  purely  cheniio 
means.  From  several  different  sources  we  procured  bismuth 
had  been  carefully  prepared  by  the  reduction  of  the  oxychloride 
nitrato  after  careful  re-precipitations.  This  bismuth  was  then  | 
into  wire,  and  its  resistance  curves  taken  down  to  the  lowest  att 
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mperatnrcB.    We  fonnd  some  very  extraordinary  resiilte.    Althoagh 

ibly  agreeing  in  resistivity  at  ordinary  temperatures,  in  two  cases 

Fig.  10)  the  resistance  curves  had  a  minimnm  point,  and  after 

g  this  at  about  —  SC  tended  upwards  again;  thus  showing 

that  the  resistance  was  increasing  as  the  metal  was  further  cooled. 

TheM  curves  could  be  repeated   as   often   as  necessary  with  these 

iples.     Another  specimen  gave  a  curve  with  a  double  bend  (seo 

Fig.  10).     Those  results  eonviuced  us  that  it  would  bo  necessary  to 

prepare  bismuth  electrolyticolly,  and  with  the  osgistonce  of  Messrs. 

Hartmann  and  Brann,  of  Frankfort,  who  have  mode  a  special  study 

of  the  preparation  of  electrolytic  bismuth,  we  were  provided  with  a 

qoantity  of  the  metal  wliiob  examination  showed  to  be  chemically 

pore.    On  taking  the  resistance  curve  of  a  samjilo  of  this  electro* 

lytie  bismuth  when  pressed  int<}  uniform  wire  under  great  pressure, 

«o  found  that  its  behaviour  was  perfectly  normal,  and  that  the  resist- 

ULoe  line  tended  downwards,  as  in  the  case  of  all  other  pure  metals,  to 

li>e  absolute  zero.      Also  wo  found  that  the  specific  resistonoo  of 

Uiis  last  is  very  much  less  than  that  of  the  chemically  prepared 

wnplcs,  and  less  even  than  that  employed  by  Matthicssen.    Hence 

jwrr  bismuth  is  no  exception  to  the  law  enunciated  above.     Bismuth 

u  characterised  especially  by  many  peculiarities.    It  has  been  known 

|tt  tome  time  that  the  resistanco  of  a  bismuth  wire  is  increased  when 

t  ia  placed  in  a  magnetic  field,  so  that  the  lines  of  the  field  are 

ptrpendioular  to  the  direction  of  the  current  flow.     This  is  easily 

by  means  of  one  of  Hartmnnn  and  Brauu'e  spirals,  mona- 

"  now  purposely  for  measaring  magnetic  fields. 

e  have,  however,  discovered  that  if  bismuth  is  cooled  to  tho 

ratore  of  liquid  air  the  effect  of  any  given  magnetic  field  in 

ging  its  resistance  is  increased  many  times.     Thus,  for  example : 

certain  bismuth  wire  wo  used  had  a  resistance  of  1*690  ohms  at 

^  C.     Placed  in  a  magnetic  field  of  strength  2750  G.G.S.  units  so 

^  the  wiro  was  transverse  to  the  direction  of  the  field,  its  resist- 

"■M  was  increased  to  1  *  792  ohms,  or  by  six  per  cent.     The  wire  was 

^  oooled  ia  liquid  air  and  its  resistance  lowered  to  0*672  ohms. 

^  potting  it  then  into  tho  magnetic  field  of  Btrength  2750  G.G.8. 

^Itits  resistanco  became  2 '68  ohms.     Hence  it  hod  increased  368 

fw  cent     This  magnetic  field  can  thus  actunlly  reverse  the  effect  of 

"*  cooling,  and  cause  tho  bismuth,  when  cooled  and  magnetised,  to 

We  g  greater  resistanco  than  when  at  ordinary  temperatures  and 

"BBignetisod.    We  arc  at  present  engaged  in  further  unravelling  the 

Miau  prosented  by  this  new  discovery  with  reganl  to  bismuth.* 

^'v  eertainly  very  startling  to  find  that  a  magnetic  field  which  iu- 

•••es  the  resistance  only  5  per  cent,  at  ordinary  temperatures  increases 

Hive  tilBM  at  —  186°  0.     We  have  recently  discovered  a  similar, 

'  9iOM  the  di-Uvpry  nf  thit  discourco  wr>  have  hc-en  nhlti,  b;  tlie  cmploy- 
l*f  •  powerful  picctro-magnet  kindly  hmt  tn  ua  by  Sir  Daviii  8alom<ms,  to 
—  tfao  Teualaoceof  biamnth,  when  conlcil  in  liquid  air,  more  tbnn  ISO  times, 
*f*ip>trtiiring  it  transversely  in  a  field  of  22,CH.iO  C.Ci.B.  units. 
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but  macfa  smaller  effect  in  the  case  of  nickel  loagitadinally  mag' 
netisod.  It  will  bo  soen  that  this  process  of  taking  the  resisUnoe  of 
a  oondactor  iu  liquid  air  is  cue  which  afibrds  us  a  vorj  critical  meua 
of  diBcriininatioQ  aa  to  the  chemical  purity  of  a  metal.  It  ranks 
almost  with  the  spectroscoiie  as  an  analytical  raetliod.  There  is  on^ 
other  method  by  which  we  can  exhibit  the  change  in  conductivity  in  n 
metal  when  cooled,  and  that  is  by  the  increased  dcdoction  which  » 
disc  of  tlie  metal  exporicuccs  when  susponded  in  uu  altenutiDg 
current  field  in  such  a  position  that  the  plane  of  the  disc  is  at  aa 
angle  of  45  '  to  the  direction  of  the  field. 

Time  will  only  permit  one  brief  reference  to  the  behayionr  of 
carbon  in  regard  to  electrical  conductivity  when  cooled  to  low  tem- 
peratures. We  have  found  that  carbon  in  the  form  of  carbon  fila- 
ments taken  from  various  incandescent  lamps  continued  to  iocroM 
in  resistance  as  it  was  lowered  in  temperature.  The  resistirily  it 
various  temperatures  of  the  carbon  from  an  Ediaon-Swan  lamp  it  u 

follows  :—  C.GA  Unil«. 

3835  X  10*  at 
3911  X  10»  at 
8953  X  10'  at 
4051  X  10'  at 
4079  X  10'  at 
4180  X  10»  at  -  1820 

These  values,  when  represented  on  a  chart,  give  almost  a  straiglit 
line,  and  show  that  the  resistivity  of  c»rboD  continually  incretM* 
as  it  is  cooled,  but  at  a  very  slow  rate.  Its  temperature  coefBciant  i* 
therefore  negative,  and  of  about  the  same  absotute  magnitude  as  muj 
alloys  of  higli  resistivity.  The  resistivity  of  this  form  of  carboD  i» 
about  three  thousand  times  that  of  silver.  Adamantine  carbon  takW^ 
from  a  Woodhouse  and  Rawson  lamp  had  a  resistivity  60  per 
greater. 

All  the  so-called  insolatore — e.  g.  glass,  gutta-percha,  ebo1ut^ 
paraflSn — have  reaistiTities  enormously  greater  than  that  of  carl 
but  like  it,  their  resistance  increases  as  the  temperature  is  lowi 
For  the  sake  of  comparison  wo  have  placed  upon  this  chart  of 
of  metallic  resistivity  (referring  to  tlie  large  diagram  used  at  tb« 
lecture)  the  resistance  lino  of  carbfin  with  ordinatee  di»*» 
to  a  scale  of  onc-hundroilth  part  of  those  of  the  motals. 
properly  represent  to  the  full  scale  the  line  of  carbon,  this  ch 
which  is  15  feet  long,  would  have  to  bo  made  one-third  of  a  b 
long.  If  we  desired  to  represent  ou  the  same  scale  the  resi^iiritj 
gutta-percha,  the  length  of  the  chart  would  have  to  be  billions 
miles— in  fact,  so  long  that  light  would  take  5000  years  to  tm 
it  from  one  end  to  the  other ;  even  then,  to  represent  to  the 
scale  the  resistance  lines  of  parafi^  and  ebonite,  it  wonld  hkTO  to  ^ 
thirty  or  forty  times  longer." 

We  must  next  pass  on  to  consider  some  problems  in  tbi 


in 


*  TliQ  re«iativities  nf  platinoid,  carbon,  and  ^tta-percha  at  0°  C.  an 
the  ratio  of  the  nnmbers  4  x  10*.  4  x  10<  and  4  x  10". 
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•lectridty  whicli  baro  engAged  oar  fttteotioa.  If  we  oonstmct  a 
titenno-electrio  conple  of  tvo  metals  and  connect  this  with  a 
gtlTkDomoter,  and  if  one  junction  is  kept  at  a  constant  tempemtnre, 
ttj  0"  C,  whilst  the  other  junction  is  heatod  or  cooled  to  Tarioas 
tenpentnres,  we  shall  in  general,  bat  not  alwajs,  find  an  eleotro- 
aotivo  force  acting  in  this  circuit  when  the  junctions  are  at  different 
temperatores.  This  electromotive  force  depends  on  three  things — 
the  Dstore  of  the  motals,  tho  temperatures  of  the  janctions,  and  on 
a  wrtain  temperature  called  the  neutral  tanperoture  of  the  metals.  An 
important  matter  in  the  experimental  study  of  thermo-electric  action 
is  to  disoover  the  position  of  these  neutral  tempc-ratarcs,  when  different 
BMals  ore  tested  with  lead  as  the  standard  of  comparison,  and  when 
oae  JQDctiou  is  kept  at  0°  C.  Elaborate  experiments  mode  by 
PmfiKor  Tait  many  yean  ago  famished  full  information  on  this 
JtMki  for  temporatnres  lying  above  0'^  C,  and  wo  especially  desired 
•o  oxUmd  this  knowledge  to  ranges  of  temperature  between  0°  C.  and 
-20fr  C.  Accordingly,  a  number  of  thenno-olectric  junctions  were 
pn^pved  of  various  pure  metals  and  alloys,  the  comparison  metal 


Fig.  11. 
<o(ntionicter  arrange  mcut  for  mcosuriog  thcni»>e1cotroiiiotivc  foroes. 

always  pure  lead.     These  couples  were  groaped  together,  and 
*t  of  jnnctions  always  kept  at  0°  C  in  melting  ice.     The  other 
'^  joDctions  was  cooled  to  various  low  temperatures  by  means  of 
ftir.     The  experimental  process  then  consisted  in  meaanrtng 
romotive  force  set  up  in  each  couple  rcspt-ctively,  and  at 
instant  measuring  the  temperature  of  tho  l<»w  teinpomture 
After  various  failures  a  device  was  adopted  for  making  this 
tneaaorement  with  groat  accuracy  and  expedition, 
amogemcnt  consisted  of  a  combined  potentiometer  and  re- 
balance (see  Fig.  11).     A  long  nniforiu  wire  stretched  over 
had  a  battery  connected  to  its  two  ends  so  as  to  make  a  fall  uf 
down  the  wire  which  could  be  regulated  by  appropriate 
:.en.     It  will  be  easily  seen  that  wc  can  combine  u  galvano- 
'■•tfr  aiirl  njsifttiincc  coil  with  tliis  arrangement  in  rnich  a  nianucr  as 
■  lirtu  it  into  a  Whcutt^tiMiu's  bridge  or  a  poteutionicter.     In  this 
Ihr  fonii  (jf  iustruiueiit  an  unknown  electromotive  force  is  balanced 
Tot.  XV.     (No.  00.;  ft 
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^^^B   against  the  known  ffill  of  potential  down  a  certain  length  of  a  gra- 
^^^^   dnated  wire,  and  a  galvanometer  employed  to  ascertain  the  point  on 
^H         the  slide  wire  at  which  this  is  the  cuse.     Omitting  details,  it  may  be 
^H          stAtod  that  I  snccccded  in  devising  an  arrangement  of  circnits  in  which 
^H          this  change  from  a  potentiometer  to  a  resistance  bridge  was  effected  by 
^H          moving  two  brass  plugs  from  one  pair  of  holes  to  another.     This  in- 
^H          Etrument  formed  a  most  aBof^ll  combined  resistance  and  electromotive 
^H          force  measurer  which  enabled  us  to  do  two  things — first,  to  measure 
^B          the  electromotive  force  in  any  thcrmo  couple ;  secondly,  to  meaanre 
^H          the  temperature  of  the  low  temperature  junction  by  me»emiiig  the 
^1          resistance  of  a  platinum  wire  wound  round  that  junction  and  acting 
^M          as  a  thormomotcr.     In   actual   practice   the   platinum   * 
^H          consisted  of  a  small  hollow  copper  cylinder,  in  the  iut 
^H          cylinder  being  inserted  a  number  of  the  tliermo  junctions,  and  r 
^^^^     the  outside  of  which  the  platinum  thermometer  wire  waa  wound.  A< 
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^H                 Corvo  of  Ihenno-clcctromotivp  fnrce  of  a  platinum-lead  oonplo  at  Tari<'>ti«  4m*>  ^H 
^H            ™?ratur«« ;  one  janction  ki>pt  at  0°  C,  the  tt-mporature  of  Iho  ntlicr  b<  i :              "         1 
^H             TLt^  Mlopin^  (liitti'd  line  rcpreflcnta  the  variutinn  of  tho  thernio-clecti  i                           1 
^H            pluUnum  with  rcaptct  to  lead.                                                                                          J 

^M          by  this  device  wo  were  able  to  measure  temperatures  with  an  tkocaner  ' 
^M           of  ^  of  ft  degree  at  a  temperature  of  —  2()0°  C,  and  to  asoertai? 
^1           the  same  inetant  the  exact  electromotive  force  acting  in  the  coi 
^m           When  those  arrangements  had  been  perfected  tho  method  adc; 
^H           was  to  put  one  sot  of  the  jxmctiona  in  melting  ice.     Thu  other 
^H           ouclofiwl  in  tho  copper  cylinder,  were  imbedded  in  a  mass  of  par 
^M           wax,  which  was  thon  cooled  down  to  tho  temperature  of  liquid 
^H           The  mass  was  then  removed  and  inserted  in  a  vacuum  veasel,  and      ■ 
^H           allowed  to  boat  up  very  slowly.     At  frequent  intervals  during  the      1 
^M           heating  the  electromotive  force  of  the  couple  waa  taken,  and  also  ths      1 
^1           temperature  of  the  junction.*                                                                         1 
^M                 The  events  which  under  such  conditions  happen  in  tlie  case  of  •      1 
^M           platinum-lead  junction  can  easily  be  shown  and  are  very  interesting      1 
^M           (see  Fig.  12).     At  the  first  immersion  of  one  junction  in  liquid  air,      1 
^M           whilst  the  other  is  in  melting  ico,  we  get  a  current  as  shown  by  the      1 

^H                  *  For  fuller  information  see  Dewor  ^.nd  Flemiug  on  tho  '  Thermo-Eieotrio      m 
^H            Powers  of  Metals  nnd  Akloje,'  'Pbiloaophiual  Magazine,'  July  1895.                         1 

\' 
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ometer  in  one  direction.  On  lifting  one  junction  ont  of  the 
air  it  begins  to  wnnn  up.  Tho  first  effect  of  this  beating  is 
ICO  tbo  thermo  current  in  the  circuit.  At  about  —  111°  on  oar 
un  Bcale,  some  distance  therefore  above  that  of  liquid  air,  the 
t  in  the  circuit  falls  to  zero.  As  the  junction  continues  to  heat 
i  cnrrent  increases  again  in 
ponte  direction.     At  about 

the  low  temperature  junc- 
reachea     the     temperature 

the  nentral  temperature, 
le  current  is  a    maximnm 

direction.     It  then  begins 

off  once  more,  and  finally 
98  zero  again  when  tbo  two 
IBM  are  both  at  the  tom- 
re  of  melting  ice,  and  it 
increases  in  the  opposite 
on  *s  this  Tariable  junction 
lea  (o  warm  ap  from  0°  C. 
ler  temperatures. 
Ting  carried  out  the  obser- 
I  described  with  all  our 
»  oooples,  the  results  were 
mted  on  a  chart  (seo  Fig. 
I  follows : — A  horizontal 
na  taken  on  which  wore 
I  off  divisions  representing 
Un  temperatures.  Vertical 
tM  were  then  drawn  at 
■  temperatures  for  each 
,  npresenting  the  eloctro- 
I  force  in  this  oonplo  when 
Id  junction  was  at  the  tem- 
re  denoted  by  the  abscissa 
t  ordinate.  In  this  way  a 
of  corves  were  delineated 

all  passed  through  the 
representing  0°  C.     These 

are  the  cnrroB  of  thcrrao- 
UDotiTe  force. 

Piofesaor  Tait's  researohcs 
Is  aalgeot  ho  adopted  a 
1  of  reprecenting  the  facts 

has  many  advantages.  Suppose  the  conple  to  hnvo  one 
n  at  a  constant  temperature  and  the  other  to  bo  vory- 
At  any  instant  the  electromotive  force  of  the  couple  is 
I  certain  rate  with  the  changing  temperature  of  the 
junction.       This    rate    measures    what  is    caviled    tho 

s  2 


Fio.  14. 

Curves  sbowtiiff  tlic  variation  with  t*>Tn- 
jicriitiirc  of  tho  tLiToiu-cluctric  pnwer 
i)f  vftriouii  mctnls.  The  lin^rriiip-ileo- 
trio  line  of  lend  being  rcpreaented 
by  the  dotted  lino. 
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thfrmo-deetrie  pouer  at  the  metals  with  respect  to  each  other  at 
that  temperature.  If  we  measure  the  slope  of  the  electromotive 
force  carve  at  any  point,  it  can  easily  be  shown  that  the  numeri- 
cal value  of  this  slope  gives  us  the  rate  of  change  of  electro- 
motive force  with  temperature.  If  we  plot  these  slopes  in  terms  of 
the  corresponding  temperature,  we  obtain  another  set  of  curves  called 
curves  of  thermo-electric  power.  Lead  is  always  takeu  as  the  stan- 
dard metal  fur  comparison,  because  the  Thomson  effect  in  lead  is  zero. 
From  our  chart  of  thenno-eleotromotive  foroea  we  have  constructed 
another  one  of  thermo-electric  powers  (see  Fig.  14).  The  lines  uf 
thermo-electric  power  cut  the  lead  line  in  various  places,  and  the 
temperature  at  which  they  do  this  is  called  the  neutral  temperature 
of  that  metal  with  respect  to  lead.  Professor  Tait  deduced  from  bis 
experiments  that  these  thermo-electric  lines  were  straight  lines  for 
temperatures  above  zero  Centigrade,  and  he  made,  in  addition,  the 
important  discovery  that  for  certain  metals  such  as  iron  and  nickel 
the  thermo-electric  lines  have  sudden  changes  of  direction  at  high 
temperatures. 

I'he  general  result  of  our  investigations  at  low  teraperatnies  is  to 
show  that,  whilst  iu  some  cnst-s  the  thermo-electric  lines,  as  may  be 
soon  from  the  diagram  in  Fig.  14,  are  approximately  straight  lines 
for  temperatures  down  to  the  lowest  reache<l,  they  are  not  all  by 
any  means  straight  lines.  In  some  cases,  such  as  iron  and  bismuth, 
we  find  sudden  chfinges  of  direction  of  the  thermo-electric  lines 
similar  to  those  found  by  Professor  Tait  at  higher  temperatures, 
and  this  in<licates  a  change  in  sign  in  the  Thomson  effect  at  that 
point.  Moreover,  in  many  cases  there  is  a  decided  tendency  of  tlie 
lines  of  many  metals  to  bond  round  in  a  manner  which  indicates 
that  their  thermo-electric  power  probably  would  become  zero  at  the 
absolute  zero  of  temperature. 

The  temperature  at  which  the  thermo-electric  line  of  any  metal 
crosses  the  line  of  lead  gives  us  the  neutral  temperature  of  that  metal 
with  reB^icct  to  lead,  and  at  that  temperature  the  metal  is  thenne- 
electrically  identical  with  lead.  If  one  junction  of  a  couple  is  at  a 
temperature  as  far  above  the  neutral  temperature  of  the  metals  at 
the  other  is  below  it,  the  couple  will  give  no  oIoctromotiTe  force 
This  provides  us  with  au  experimental  method  of  determining  tbo 
jjosition  of  certiiin  neutral  points.  Thus,  for  instance,  if  one 
junction  of  a  platinum-zinc  couple  is  placed  in  liquid  air  and  the 
other  ie  raised  to  above  30°  wo  get  no  electromotive  force  from  th»t 
couple.  This  indicates  that  the  neutral  temperature  of  platinum  and 
zinc  is  nbi>nt  —  615',  and  ibis  is  shown  to  be  the  case  from  the  chart. 
Two  general  conclusions  are  arrived  at  from  a  study  of  the  thenno- 
olectric  lines  as  laid  down  in  our  chart.  The  first  of  these  is  that 
the  thurmo-chietrtc  lines  of  many  metals  nro  by  no  means  straight 
lines  over  extreme  rauges  of  toniperfttiire.  Hence  the  thermo-electric 
power  is  not  simply  «  Itneai'  fmietion  of  Ihn  absolute  temperature. 
The  second   important  fact  is,  that  in  the  thermo-electric  lines  of 
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certain  motals  at  low  temperAtnroB  there  are  endden  changea  of 
diraotioD  which  indicate  a  change  in  the  sign  uf  the  ThomBon  effect 
in  thsk  metal  at  that  temperature,  and  probalilj,  therefore,  some 
important  molecular  change  at  the  corresponding  temperature. 

In  the  caflo  of  the  19  and  29  per  cent,  nickel-steel  alloys  there  is 
an  interesting  thermo-electric  phenomenon.  If  a  loop  of  wire  of  this 
material  is  partly  dipped  in  liquid  air,  the  portion  cooled  becomes 
thermo-elc-ctrieally  different  from  the  remainder,  and  gives  a  strong 
thermo  current  if  connected  to  a  galvanometer  and  wanuod  at  one 
point,  where  the  changed  and  unchanged  portions  meet. 

Leaving  the  further  elaboration  of  these  points,  we  mnst  next 
notice  some  of  the  facts  with  respect  to  the  magnetisation  of  iron  at 
low  temperatures.  Professor  Dewar  mentioned,  in  a  discourso  on  the 
•etentifio  uses  of  liquid  air,  some  results  obtained  on  cooling  small 
steel  magnets.  These  effects  we  have  since  again  explored  at  greater 
length. 

Let  me  show  yon,  in  the  first  place,  the  effect  of  cooling  a  small 
steel  permanent  magnet  to  the  temperature  of  liquid  air.  We  will 
fint  take  a  magnet  made  of  a  fragment  of  knitting  needle  or  ordinary 
carbon  steel  and  examine  the  effect  of  low  temperature  upon  it. 
Placing  the  magnet  behind  the  small  suspended  magnetic  needle  of  a 
magnetometer  we  obtain  a  deflection  of  the  magnetometer  needle, 
which  is  a  measure  of  the  magnetisation  of  the  magnet  causing  the 
deflection.  On  bringing  up  a  small  vessel  of  liquid  air  and  immers- 
ing in  it  the  magnet  under  test  we  notice  at  once  a  sudden  decrease 
in  tbo  dc'fluctioQ  uf  the  magnetometer  needle.  This  indicates  that  a 
notebie  percentage  of  the  magnetisation  of  the  magnet  has  boon 
removed.  On  talang  away  the  liquid  air  bath  and  allowing  the  magnet 
||o  heat  op  again  we  find  that  there  is  a  still  further  decrease  in  mag- 
raellaation.  On  cooling  it  again  with  liquid  air  the  magnetisation 
[fben  iooreasea,  and  from  and  after  that  time  the  effect  of  the  cooling  is 
•Iwayt  to  increavo  the  moment  of  the  magnet,  and  the  effect  of  beat- 
ing It  an  again  always  to  decrease  the  moment  of  the  magnet.  Hence 
V*  no  wat  the  effect  of  the  first  immersion  in  liquid  air  is  to  give 

•  sboell  to  the  magnet  which  deprives  it  permanently  of  a  considcr- 
able  percentage  of  its  magnetism ;  but  when  once  it  has  survived  this 
trtalaent,  then  cooling  it  strengthens  the  magnet,  and  warming  it 

it. 

Thia  is  not  by  any  means  always  the  case.     J£  we  take  a  magnet 

of  the  19  per  cent,  nickel-steel,  the  peculiar  characters  of  which 

explained  a  few  momenta  ago,  we  shall  find  a  very  different 

of  affairs.     Here  wo  see  the  first  effect  is,  as  before,  to  remove 

•  verjr  eonsideiBble  percentage  of  the  initial  magnetisation  ;  but  after 
Chat  stage  is  passed,  then  cooling  this  nickel-steel  ma|:^>et  always 
■it WHS  it  etill  more,  and  warming  it  up  again  strengthous  it.  The 
Mbeaqwoi  efloct  of  cf>oling  is  therefore  in  the  opposite  direction  in 
tha  earliuo-atoel  and  in  thi»  nickel-stcol.  Those  changes  of  moment 
can  best  be  repraeentod  by  a  diagram  of  lines  iie  in  Fig.  15. 
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We  havo  in  iLis  way  examined  tho  bchariour  of  magnets  made 
of  a  very  largo  number  of  steels — cbromium-steels,  alnmininm-gteeb, 
tungsten-stoelB,  Bilioon-stecls  and  nickel-steels,  in  varions  states  of 
temper,  hard  and  Boft.  We  find  that  in  some  cases  there  is  no  iuitiil 
decrease  of  magnotism  at  all,  and  that  the  steady  state  begins  tt 
once.  Broadly,  however,  the  results  amount  to  this  : — A  steel  magnet 
when  plunged  into  liquid  air  generally  loses  some  fraction  of  its 
magnetisation,  but  that  after  a  few  such  immersions  It  arrives  tt 
u  fixed  condition  in  which  the  effect  of  cooling  it  is  in  most  cases  to 
produce  an  increaiio  of  magnetic  moment,  but  in  a  few  cxoeptioiul 
cases  to  produce  u  decrease  of  magnetic  moment.  In  tho  case  of  the 
nickel-stools  wo   have  found  very   curious    changes  of   magnetic 
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Di&f^ro  Bhnwm^  chnogea  of  ma^etic  moment  of  a  ma^ot  wlipn  alttfi"! 
notely  i?<x>leid  in  liquid  air  and  wanned  up  again  to  +5°  C  Tli«.«  len;;Ui  uf  tbti 
firm  lines  rcprescutB  the  value  of  the  magactic  moment  whuu  ooole<l.  and  UuU  of  I 
the  dotted  wLcn  warm. 

moment  as  the  magnet  is  heated  up  from  — 186"  0.  to  +  300*.  Thers 
is  a  masiiuum  magnetic  moment  at  about  40"^  C.  (soe  Fig.  16)  in  the 
case  of  tho  19  per  cent,  nickel-steel. 

In  tfao  technical  nse  of  magnets  for  instrumental  purposes  they 
have  to  go  through  a  process  called  agcirxj  to  get  rid  of  the  snb- 
permanont  magnetism.  One  of  tlio  best  ways  of  ageing  a  magnet  is 
to  plunge  it  several  times  into  liquid  air. 

Wo  have  given  a  largo  amount  of  attention  to  a  study  of 
changes  taking  place  in  tho  magnetic  qualities  of  soft  or  anneal 
and  also  in  bard  iron  when  cooled  to  very  low  tomperatnres. 

In  tho  first  place,  wo  have  examined  tho  change  in  the  permea- 
bility of  uou  at  the  lem{>eraturo  of  lirniid  air.  If  a  ring  of  iron 
is  wound  over  with  u  coil  of  wire  and  subjected  to  gradually  in-j 
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eteasing  magnetising  forces,  this  force  prodaces  magnetisation  in  the 
iron,  but  tho  magnetisation  does  not  increase  proportionally  with  the 
force.  It  tends  to  a  limit,  and  the  curve  which  shows  this  variation 
ia  called  a  magnetisation  curve.  The  number  which  expresses  the 
ratio  of  the  magnetisation  to  the  magnetising  force  is  called  tho 
nuocptibilitjr  of  the  iron.  Instead  of  considering  the  magnetisation 
of  the  iron  as  one  of  the  variables,  it  is  often  convenient  to  con- 
sider tho  induction  in  the  iron,  and  tho  induction  ia  defined  as  a 
cjaautity,  tho  rate  of  change  of  which  with  time  measures  tho  electro- 
mutire  force  set  up  in  a  secondary  circuit  wound  round  the  iron  ring. 


The  ratio  between  the  induction  and  the  magnetising  force  at  any 
instaot  ia  called  tho  permeability  of  the  iron.  By  tedious  ozperimonta 
with  the  ballistic  galvanometer,  it  is  possible  to  draw  out  a  complete 
nagnetiBation  curve  of  tho  iron,  starting  from  tho  lowest  induction 
up  to  ibo  point  at  which  tho  iron  becomes  practically  saturated. 
Antirttnl  by  Air,  J.  £.  Petavel,  who  has  given  us  most  vnltutblo  help  in 
tbwe  TC17  tedious  magnetic  observations,  as  well  as  in  the  subsequent 
ivdactioos  of  them,  a  large  number  of  observations  have  been  made 
00  the  permeability  of  a  carefully  annealed  iron  ring  mode  of  very 
fine  Swedish  iron  of  the  highest  quality.*     The  result  is  to  show — 

*  b  b  only  right  to  add  that  in  other  portions  of  thU  work,  eapt>cially  in 
Iha  lintlhiiiini  and  thermo-electric  work,  we  hsve  iieea  much  indebted  fur  carefal 
■•rf  pummiag  mmiiAtknce  to  MewTB.  J.  and  Ij.  Morris  am],  in  lesser  degree,  to 
Maana  Jakcman  and  Tilncy  for  help  in  other  obeerTations  requiring  wveral 
•UmdlaOKNU  obaervun. 
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M  nen  frua  die  cam  r  see  Fig.  1 7  >— tiat  eooIiBg  Oe  ina  tB  — 186°  GL 
tli^bdj  diminiitlMw  the  fomtahOitj.  In  other  w<ad^  it  mpaxm 
s  greater  magnetie  force  to  prod  nee  •  gncB  momt  of  Bagset- 
iaitioD  Then  the  inm  is  at  —186'  C  than  when  it  ia  at  Ae  orimaiy 
tcmpeiatme. 

When,  however,  we  began  to  atndy  the  hdMTioar  of  haHmrf 
iim  in  this  reject,  we  fuond  onnelTea  in  the  jnuaaaee  t£  voy 


Pig.  17. 
Muf^c-tiwtion  and  permeability  cnrres  of  soft  iron  at  20°  C.  and  — 186^  C 

cnrioan  effects.  If  pare  iron,  which  has  been  carefhlly  annealed,  iB 
twisted,  knocked,  bent,  stretched,  or  compressed,  it  passee  into  a  state 
known  as  hard  iron,  and  hard  iron  has  very  different  magnetie 
qoalities  from  soft  iron.  A  very  extended  series  of  experiments 
with  rings  of  hard  iron  have  shown  that  hard  iron,  at  least  in  certain 
cases,  has  its  permeability  greatly  increased  by  cooling,  and  this 
change  takes  place  with  great  suddenness.  We  can  show  yon  by  a 
simple  experiment  that  this  is  the  cose.    If  we  take  this  hard  iron 
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ring,  which  has  two  coils  of  wire  wound  roond  it,  and  connect  one  of 
these  dnsnits  to  a  battery,  we  shall  send  a  cnrrent  through  this 
primary  coil  and  magnetise  the  iron  ring,  K  the  other,  or  secondary 
circuit  is  connected  to  a  galvimometer,  then  at  the  instant  of  starting 
tho  primary  cnrrent  there  is  a  transitory  induced  current  produced 
in  the  secondary  circuit  As  long  as  tho  induction  in  the  iron 
remains  constant  no  electric  change  will  take  place  in  this  secondary 
circuit  If,  however,  we  plunge  the 
iron  ring  into  liquid  air,  whilst 
still  keeping  the  primary  current 
constant,  wo  find  again  a  secon- 
dary current  produced  at  the 
moment  of  cooling  the  iron. 
This  indicates  a  sudden  increase 
of  permeability  at  the  instant  of 
eooling.  If  wo  bring  tho  ring 
oat  of  the  liquid  air  we  find  it 
retains  some  of  the  increased 
penneability  acquired  on  cooling, 
bat  loses  a  portion  of  it  mora 
slowly  if  it  is  heated  up  again 
to  ordinary  tem{>eratures  by 
plunging  it  into  a  bath  of  alco- 
hol. Owing  to  these  changes 
we  found  it  impossible  to  repeat 
again  exactly  any  required  mag- 
netisation curve  in  the  case  of 
the  hard  iron.  The  sudden  cool- 
ing alters  the  magnetic  qualities 
of  the  nnannealed  iron  to  such 
ao  extent  that  it  is  not  possible 
to  get  it  twice  in  exactly  tho 
mau)  state. 

By  subjecting  a  hard  iron 
ring  to  frequent  reversals  of  tho 
■amo  magnetising  force,  whilst  it 
is  wanned  up  slowly  from  tho 
temperatore  of  liquid  air  op  to 
ordinarr  temperatures,  we  havo 
been  able  to  trace  the  gradual 
dtiatMU  of  tho  permeability  at 
■nj  oonsttnt  force  throughout  this  range  of  temperature,  and  tho 
IMDlte  M*  embodied  in  the  series  of  curves  in  Fig.  18. 

We  have  foaod,  on  the  other  hand,  that  uuhardenod  steel  pianoforto 
wire  bohavoe  like  soft  annealed  iron. 

We  have  then  examined  tho  hysteresis  of  iron  at  low  temperatures. 

Aa  the  meaning  of  tliat  term  was  very  fully  explained  by  the  invuntor 

iei  it  in  a  discourse  given  quite  recently,  no  timo  need  bo  spent  in  on 


TEMPERATURE    IN    PLATINUM    DEQREES. 
-200°        -150"         -100°         -60"  0° 

Fio.  18. 

Curve*  Bhowiiif;  the  variatirjii  of  pcr- 
mcaliUily  of  irun  witli  tenaporatare 
between  0°C.  and  -200°  C. 
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elaborate  explanation  of  it.  It  is  sufficient  to  Bay  tliat  vrfaon  iron  is 
magnetised  and  demagnetised,  or  carried  roond  a  cycle  of  magnetisa- 
tion in  which  its  direction  of  magnetisation  is  first  in  one  direction 
and  then  in  the  other,  this  process  inyolves  the  expenditure  of  energy, 
and  such  dissipation  of  energy  is  spoken  of  as  the  hysteresis  loss  in 
iron.  It  would  occupy  too  much  time  to  attempt  to  explain  in  fall 
detail  the  manner  in  which  this  dissipated  energy  can  be  measured. 
As  a  matter  of  fact,  the  method  we  adopted  was  the  laborious  bat 
exact  one  of  delineating  a  complete  magnetisation  curve  of  the  iron, 
by  means  of  observations  taken  with  the  ballistic  galvanometer  for 
various  maximum  values  of  the  magnetising  foro&  In  this  way  we 
were  able  finally  to  arrive  at  a  curve  which  represented  by  its  urdi- 
nates  the  value  of  the  hysteresis  loss  in  the  iron  in  ergs  per  cubic 


aooo     4000     sooo     aooo    wboo      coon 

MAXIMUM   INDUCTION   OURINQ  CYCLE. 

Fio.  19. 
Variation  of  hyBtoresia  loea  in  soft  iron  with  temperature, 

centimetre  per  cycle,  and  the  abscisam  the  maximum  value  of  the  cor- 
responding magnetic  induction.  When  curves  had  been  drawn  out 
(see  Fig.  19)  from  all  the  many  hundreds  of  observations  for  the  case 
of  tlso  same  soft  iron  ring  ut  ordinary  temperatures  and  at  the  tem- 
peratnre  of  liquid  air,  wo  found  little  or  no  sensible  difference 
brtwcen  tbem.  The  result  is,  then,  that  there  is  no  appreciable 
cbimgeintheniagnotio  hysteresis  loss  of  very  carefully  anuoaled  soft 
Swedish  iron  when  cooled  to  these  low  temperatures. •  With  regard 
to  the  hard  iron,  althungh  the  i>ormcability  is  increased,  it  is  most 
iHfficnlt  to  say  yot  whether  the  hystercBis  is  increased  or  not,  as 
every  frosh  redaction  in  temperature  of  the  iron  alters  its  pbysioal 

*  Tbo  imn  used  in  all  thcw  exporimcnta  was  a  Bonplo  of  Sankey's  ttan> 
forintr  truu,  kiudly  Buut  b  us  by  Mr.  B.  Junkins. 
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state,  and  mokes  it  almost  impoBsible  to  obtain  similar  repeotod  \ 
measoremcn  ts. 

It  is  nataral  to  inquire  how  far  accepted  theories  of  magnetio 
aotioD  are  able  to  reconcile  the  above-mentioned  results.  Some  of 
them  ondoubtedlj  are  in  accord  with  deductions  from  received 
hypotheses.  It  is  generally  considered  that  the  facts  connected  with 
the  magnetisation  of  iron  indicate  that  each  molecule,  or  perhaps 
■mall  groups  of  molecules,  of  the  iron  are  complete  micro-magnets, 
and  that  in  the  unmagnetised  condition  of  the  iron  these  molecular 
ntagnets  arrange  themselves  in  groups  or  in  closed  circuits  so  that 
for  each  little  group  the  external  magnetic  action  or  magnetic  moment 
is  approximately  zero.  Magnetisation  consists  in  arranging  the 
members  of  some  or  all  of  these  groups  so  as  to  co-lineate  the  direction 
of  more  or  less  of  the  molecular  magnets  and  produce  an  cxtomal 
resultant  magnetic  moment. 

Let  us  then  consider  one  such  little  group  by  the  aid  of  a  model 
made  of  small  magnets,  such  as  Ewing  has  suggested  and  used. 

Suppose  the  memberB  of  this  group  to  be  at  a  certain  distance  ' 
from  each  other,  and  we  apply  a  given  magnetising  force  which   is 
jost  sufficient  to  open  out  the  group  and  co-lineato  the  magnetio 
axes  of  tlie  several  members  of  it. 

Next,  suppose  we  cool  this  iron,  this  would  result  in  bringing 
the  members  of  the  group  into  closer  contiguity.  The  result  of  this 
will  be  an  increase  of  the  interpolar  magnetic  forces  of  the  different 
members  of  the  group ;  and  as  we  can  see  from  the  behaviour  of  the 
model,  it  would  require  a  greater  magnetic  force  to  effect  the  same 
amuoot  of  co-lineation  of  the  molecular  magnets.  This,  therefore, 
oorreBponds  with  what  wo  find  to  be  the  case  on  cooling  soft  iron  to 
very  low  temperatures.  Professor  Dewar's  cxperimoiits  have  shown 
that  the  tensile  strength  of  iron  and  steel  is  increased  to  about 
double  on  cooling  to  —  182^  C,  and  it  is  quito  reasonable  to  suppose 

.  thin  is  the  result,  in  part  at  least,  due  to  an  approximation  of  the 

Aa  regards  the  behaviour  of  magnetised  steel  and  iron  when  cooled, 
it  ia  highly  likely,  when  the  groups  of  molecular  magnets  have  been 
openotl  out  more  or  less,  that  some  of  these  are  in  a  condition  of  insta- 
bility, in  which  bringing  the  members  of  the  group  nearer  together  will 
have  tbo  effect  of  making  them  close  up  again  into  magnetic  circuits 
fif  no  external  action.  Hence,  if  this  is  the  case,  tlie  first  effect  of  the 
an  cooling  will  be  to  effect  the  observed  chauge.  These  half- 
groups  of  molecular  magnets  constitute  the  subpermanent 
'  magnetism  which  it  is  our  desire  to  get  rid  of  in  ageing  a  magnet. 
Ilien,  as  regards  the  effect  of  temperature  changes  on  the  magnet 
when  the  stable  condition  of  affairs  is  reached.  In  order  to  explain 
this,  I  Uiink  wo  must  consider  the  action  of  the  molecular  groups 
Span  each  other.  The  approximation  of  molecular  groups  will  in 
ABneral,  after  the  magnet  is  aged,  have  the  effect  of  eo-lineuting  more 
conpletuiy  the  different  members  of  the  groups,  oud  hence  increase 
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Fall,  of  7^  inches,  and  of 


the  Horso  Shoe,  of  2- 18  feet,  wonld  probably 
have  boon  mncb  greater 
had  the  water  been  leea 
limpid. 

TheroaroftheFalla, 
which  can  be  heard  for 
many  miles,  has  a  deep 
note,  four  octaves  lower 
than  the  scale  of  the  or- 
dinary piano.  The  fall 
of  such  an  inimcDBC  body 
of  water  canecs  a  very 
perceptible  tremor  of  the 
ground  thronghont  the 
vicinity.  The  existence 
of  the  Falls  is  also  in- 
dicated by  huge  clouds 
of  mist  which,  rising 
above  the  rainbows, 
tower  sometimes  a  mile 
in  air  before  breaking 
away. 

It  was  Mr.  Thomas 
Evcrshed,  an  American 
civil  engineer,  who  nn- 
folded  the  plan  of  divert- 
ing part  of  the  stream  at 
a  considerable  distance 
above  the  Falls,  so  that 
no  natural  beauty  wonld 
be  interfered  with,  while 
an  enormous  amount  of 
power  would  bo  obtained 
with  a  very  slight  reduc- 
tion in  th©  volamc  of 
the  stream  at  the  crest 
of  the  Falls.  Essenti- 
ally scientific  and  cor- 
rect as  the  plan  now 
shows  itself  to  be,  it 
found  prompt  criticism 
and  condemnation,  but 
not  less  quickly  did 
it  rally  the  able  and 
influential  support  of 
McssrR.  W.  B.  Rankine, 
Francis  Lynde  Stetson, 
Edward  A.  Wiokos,  and 
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^^'•ird  D.  Admms,  wbo  organifled  tho  corporate  interesto  that,  mih 
«zpenditiire  of  1,000,0002.  in  five  years,  haye  carried  ont  the 
Mot  work. 

80  many  engineering  problems  arose  oarly  in  the  enterprise,  that 
<r  the  survey  of  the  property  in  1890,  an  International  Niagara 
Ooxnniission  \raa  established  in  London,  with  power  to  inTOetigat^l 
ti»^  best  existing  methods  of  power  development  and  trauHmission,  and 
^o  ■elect  from  amoDg  them,  as  well  as  to  award  prizes  of  an  aggre- 
RikAe  of  4400/.  This  body  included  men  like  Lord  Kelvin,  Mascart, 
Go]«iBMi  Sellere,  Turrettiui  and  Dr.  Unwin,  and  its  work  was  of  the 
v*tiao«k  valne.  Besides  this  the  Niagara  Co.  and  tho  allied  Cataract 
^^ooatroctioD  Co.  enjoyed  the  direct  aid  of  other  experts,  such  as 
I*kQC  George  Forbes,  in  a  oonsultative  capacity ;  while  it  was  a 
^^•oeaary  oonseqaence  that  the  manufacturers  of  the  apparatus  to  be 
Aaed  Uirew  upon  their  work  the  highest  inventive  and  constructiyo 
**lTiit  at  their  command. 

The  time-honoured  plan  in  water-power  utilisation  has  been  to 
"^>itig  bctories  along  a  canal  of  considerable  length,  with  but  a  short 
^*il  taoe.  At  Niagara  tho  plan  now  brought  andor  notice  is  that  of 
^  •hmi  cuuJ  with  a  very  long  tail  race.  The  ubo  of  electricity  for 
"^iliilmliii^  tho  power  allows  the  factories  to  bo  placed  away  from 
^^t*«  ttatl,  and  in  any  location  that  may  appear  specially  desirable  or 
Ad^BolBgeoiu. 

The  perfected  and  concentrated  Evershed  scheme  comprises  a 
**>Oti  mrface  canal  250  feet  wide  at  its  month,  1\  mile  above  the 
^•Us,  tkr  beyond  the  outlying  Throe  Sisters  Islands,  tvith  an  intake 
*^|plioed  obliquely  to  the  Niagara  Biver.  This  canal  extends  inwardly 
^^00  fuet,  and  has  an  average  depth  of  some  12  feet,  thus  holding 
^"^^tar  adequate  to  the  development  of  about  100,000  horse-power. 
•*'fc*  month  of  the  canal  is  600  feet  from  tho  shore  lino  proper,  and 
^^^irtdmahln  work  was  necessary  in  its  protection  and  excavation. 
j|^^>«  bed  it  now  of  day,  and  the  side  walls  are  of  solid  masonry  17  feet 
^Rtt,  8  feet  at  the  base,  and  3  feet  at  tho  top.  The  north-caBtorn  sido 
^"^  Um  canal  ia  oooapied  by  a  power  house  and  is  piorcod  by  ten  inlets 
CE^iMtlad  by  sentinel  gates,  each  being  the  separate  entrance  to  a  wheel 
^^  ia  the  power  hoxise,  where  the  water  is  used  and  the  power  is 
^l^^vrsd.  The  water  as  quickly  as  osed  is  carried  off  by  a  tunnel  to 
^^  Niagara  fiiver  again. 

.        Tba  tnavire  canal  power  house  is  a  handsome  building  designed 

Zy   Btaa&trd  White,  and  likely  to  stand   until  Niagara,  spuudthrift 

^*4kiaB,  baa  oonatuned  ita  way  backward  through  its  o^vn  crumbling 

^^^la  of  ahalo  and  limestone  to  the  base  of  it.    This  boilding  is 

^^wardlj  of  bard  limestone,  and   inwardly  of  enamel  brick  and 

^4iaai7  I'I'M^  coated  with  white  enamel  paint.     li  is  200  feet  in 

^^kftb  at  praaent,  and  has  a  60-ton  SeUors  electric  travelling  crane 

tbe  placing  of  machinery  and  the  handling  of  any  parts  that  need 

ir.    The  wheel  pit,  over  which  tho  power  house  is  situated,  is  a 

[  doep  cavemooa  slot  at  one  side  under  the  floor  cut  in  the  rock. 
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parallel  with  the  canal  ontside.  Here  tho  water  gets  «  fall  of  about 
140  feet  befors  it  smites  the  turbines.  The  arrangement  of  the 
dynamos  generating  the  cnrrent  up  in  the  power  hoase,  is  snch  tb»t 
each  of  them  may  be  regarded  as  the  screw  at  the  end  of  a  long  shaft, 
jnst  as  we  might  see  it  if  we  stood  on  ocean  steamer  on  its  nose  with 
its  heel  in  the  air.  At  the  lower  end  of  the  dynamo  shaft  is  the  tur- 
bine (Fig.  2)  in  tho  wheel  pit  bottom,  just  as  in  the  ease  of  the  steamer 
shaft  we  find  attached  to  it  the  big  triple  or  quadruple  expansion 
marine  steam  engine.  Perhaps  we  might  compare  the  dynamo  and 
tho  turbine  to  two  reels,  stuck  one  each  end  of  a  long  lead  peneil,  so 
that  when  the  lower  reel  is  turned  the  upper  reel  must  turn  also. 
You  might  also  compare  the  dynamos  to  bells  up  in  tho  old  church 
steeple,  and  the  turbines  to  the  ringers  in  the  porch,  playing  the 
chimes  and  triple  bob  majors  by  their  work  on  the  long  ropes  that 
hang  down.  Tho  wheel  pit  which  contains  the  turbines  is  178  feet 
in  depth,  and  connects  by  a  lateral  tunnel  with  the  main  tunnel 
running  at  right  angles.  This  main  tunnel  is  no  less  than  7000  feet 
in  length,  with  an  average  hydraulic  slope  of  G  feet  in  lOOi!).  It  has 
a  maximum  height  of  21  feet,  and  a  widtii  of  IS  feet  10  Lnches,  its  net , 
section  being  386  square  feet  The  water  rushes  through  it  and  out 
of  its  montH  of  stone  and  iron  at  a  velocity  of  26^  feet  per  second,  or  I 
nearly  20  miles  an  hour. 

Moro  than  1000  men  were  employed  continuously  for  more  than 
three  years  in  the  construction  of  tkis  tunnel.  More  than  300,000 
tons  of  rock  wore  removed,  which  have  gone  to  form  part  of  the  new  fore- 
shore near  tho  power  house.  More  than  10,000,000  bricks  wore  used 
for  the  lining,  to  eay  nothing  of  the  cement,  concrote  and  cnt  stone, 
'llic  labour  was  chiefly  Italian.  The  brick  that  fences  in  the  headlong 
torrent  consists  of  four  rings  of  the  best  hand-burned  brick  of  special 
Bha]H!,  making  a  solid  wall  16  inches  thick.  In  some  placet)  it  is 
thicker  than  that.  Into  this  tunnel  digcbaiges  also  by  a  special  suIh 
tunnel,  tho  usod-ap  water  from  tho  water  wheels  of  the  Niagara  Falls 
Paper  Ca  The  turbines  (Fig.  3)  have  to  generate  5000  horse-power 
each,  at  a  distance  of  140  feet  underground,  and  to  send  it  up  to  the 
Burfitoe.  For  this  purpose  the  water  is  brought  down  to  each  by  the 
supply  penstock,  nmde  of  steel  tube  and  7^  feet  in  diameter.  This 
water  impinges  upon  what  is  essentially  a  twin  wheel,  each  receiving 
part  of  the  Btream  as  it  rushes  in  at  the  centre,  tho  arrangement  being 
such  that  each  wheel  is  three  stories  high,  part  of  the  water  in  the 
upper  tier  serving  aa  a  cnshion  to  sustain  the  weight  of  the  entire 
revolving  mechanism.  These  wheels,  which  have  thirty-two  buckets 
and  thirty-six  guides,  discharge  430  cubic  feet  per  second,  and  they 
make  250  revolutions  per  minute.  At  76  per  oent.  efficiency  they 
give  5000  boree-power.  The  shaft  that  runs  up  from  each  one  to  the 
dynnmo  ia  of  peculiar  and  interesting  construction.  It  is  composed 
of  steel  I  inch  thick,  rolled  into  tubes  wbich  aro  38  inches  in  diameter. 
At  intervals  thia  tube  passes  through  joiirutil  bearings  or  guides  that 
steady  it,  at  which  the  shaft  is  narrotvcd  to  11  iaches  in  diameter  and 
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liJ,  flaring  out  again  each  side  of  the  journal  bearings.  The  speed 
tw  of  the  turbine  wheels  are  plain  circular  rims,  wliich  throttle  the 
Mhargc  on  the  ontside  of  the  wheels,  aud  which,  with  the  co-opcra- 
m  of  the  goyemors,  keep  the  speed  constant  within  2  per  cent,  under 
iiaaxj  oonditionB  of  running.  These  wheels  are  of  the  Swiss  design 
FtMch  and  Picanl,  and  have  been  built  by  I.  P.  Morris  &  Co.  of 
iiUdelphia,  for  this  work. 
The  dynamoe  thas  directly  connected  to  the  turbines  are  of  the 
hU  two-phaso  typo  (Fig.  4).     Each  of  these  dynamos  produces  two 
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ig  currents,  differing  90  degrees  in  phase  from  each  other, 
'^  carrent  being  of  775  amperes  and  2250  volts,  the  two  addod  to- 
Ikm  making  in  round  figures  very  nearly  6000  horse-power.  Tin's 
Hb  of  energy  in  electrical  current  is  delivered  to  the  circuits  fof 
^Bjen  the  dynamo  is  run  by  the  turbine  at  the  moderate  speed  of 
^ftolotions  per  minute,  or  say  4  revolutiouH  per  second.  Hero 
■  W*  bftTO,  broadly,  a  Tosla  Iwo-phaso  system  embodying  tbo  novel 
gpiitians  uid  useful  ideas  of  many  able  men,  among  whom  should 
•peoullj  mentionod  Mr.  L.  B.  Stillwell,  the  engineer  of  the 
XV.    <'No.  on.  1  T 
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Weetinghouse  Electric  Co.  upon  whom  the  responsibility  was  thrown 
for  its  Eucoess. 

Each  generator,  from  the  bottom  of  the  bed  plate  to  the  floor  of 
the  bridge  ubove  it  is  11  feet  6  inches  high.  Each  generator  weighs 
170,000  lbs.  and  the  revolving  part  alone  weighs  79,000  lbs.  In 
most  dynamos  the  annatnre  is  the  revolvitig  part,  bat  in  this  case 
it  is  the  field  that  revolves  while  the  armature  stands  still.  It  is 
noteworthy  that  if  the  armature  inside  the  field  were  to  revolve  in 
the  iisnal  manner  instead  of  the  field,  its  magnetic  pull  wonld  be 
added  to  the  centrifugal  force  in  acting  to  disrnpt  the  revolving  mass ; 
but  as  it  is,  the  miignctic  attraction  towards  the  armature  now  acts 
against  the  centrifugal  force  exerted  on  the  field,  and  thus  rednoea 
the  strains  in  the  huge  ring  of  spinning  metal.  The  etationwy 
armature  inside  the  field  is  built  up  of  thin  sheets  of  mild  steeL 
Along  the  edges  of  these  sheets  are  187  rectangular  notches  to 
receive  the  armature  winding  in  which  the  curreut  is  generated.  This 
winding  is  in  reality  not  a  winding,  as  it  consists  of  solid  copper  bare 
IJ^i  by  tV  iioh,  and  there  are  two  of  these  bars  in  every  square  hole, 
packed  in  with  mica  as  a  precaution  against  heating.  These  copper 
conductors  aro  bidted  and  soldered  to  Y-shaped  copper  connectors, 
and  aro  then  grouped  so  as  to  form  two  separate  independi 
circuits.  A  pair  of  stout  insulated  cables  connect  each  circuit 
the  power  house  switchboard. 

The  rotating  field  taagact  outside  the  armature  consists  of  a  hn| 
forged  steel  ring,  made  frum  a  solid  ingot  of  fluid  compressed  s 
54  inches  in  diamettT,  which  was  brongLt  to  a  forging  heat  audth 
expanded  upon  a  luaudril,  under  a  lltOOO-ton  hydraulic  prehu,  to  the 
ring,  11  fetit  7!.  inches  in  diameter.   On  the  inside  of  this  ring  are  bolted 
twelve  inwardly-projecting  pole  pieoes  of  mild  open  hearth  steel,  and 
the  winding  around  each  consists  of  rectaugular  copper  bars  encased 
in  two  brass  boxes.     Each  pole  piece  with  its  bobbin  weighs  about 
1}  tons,  and  the  speed  of  this  mass  of  steel,  copper  and  brass  is  9300 
feet,  or  1^  miles  jior  minute,  when  the  apjiuratus  is  running  at  il 
normal  250  revolutions.      Not  until  the  ring  was  sjwedod  up  to  8 
revolutions,  or  six  miles  per  minute,  wonld  it  fiy  asunder  under  tl 
impolse  of  centrifugal  force.      As  a  matter  of  fact,  400  revolution* 
is  tho  highest  speed  that  can  be  attained.       This  revolving  field 
magnet  is  connected  with  tho  shaft  that  has  to  turn  it,  and  is  supported 
from  above,  by  a  six-armed  caHt  steel  spider  keyed  to  the  shaft,  thil 
spider  or  driver  forming  a  roof  or  peuthuuso  over  the  whole  machina 
The  shaft  itself  is  held  in  two  bearings  inside  tho  castings  around 
which  tho  armature  is  built  up,  and  iit  the  bearings  is  nearly  13 
inches  in  diameter.      At  the  lower  cud  is  a  flange  fitting  writh  the 
flange  at  the  top  of  the  turbine  shaft,  and  at  the  upper  end  is  a  taptf 
over  which  the  driver  fits.    Tho  driver  and  sliaft  have  a  deep  keywBTi 
and  into    this    a   long   and    massive  koy  fits,  holding   them  solidh 
together.     The  driver  is  of  mild  oast  steel,  having  a  tensile  strcngtli 
of  74,700  lbs.  per  square  inch.       The  bushings  of  tho  bearings  am 
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of  liroDio,  with  zigzag  grooves  in  which  oil  under  pressure  is  in 

ooutuit  circulation.     Grooves  are  also  cut  in  the  hub  of  each  spider, 

h>  permit  tbo  circulation  of  water  to  cool  the  bearings,  this  water 

Vaiag  direct  from  the  city  maina  at  a  prcssuro  of  60  lbs.  to  tho 

■■lure  inch.      The  oil  returns  to  a  reservoir  and  is  used  over  and 

over  again.     I'rovision  has  been  made  against  undue  heating,  and 

|>lmty  of  cb&nee  is  given  for  air  to  circulate.     This  is  necessary, 

« tbout  100  horse-power  of  current  is  going  into  heat,  due  to  the 

Jsit  maguetieatioD  of  the  iron  and  the  resistance  in  tbo  conductors 

ftmuelTes.     Vontilators  or  gills  in  tho  driver  are  so  arranged  as 

tn  draw  op  air  from  the  base  of  the  machine  and  eject  it  at  cnusider- 

*hl0  Telocity,    s*^  that  whatever  heat   is  unavoidably  engcndcrutl  is 

npidlj  dittipated. 

In  almost  all  electrical  plants  the  switchboard  is  a  tall  wall  or  slab 
if  Bufale  or  mahogany,  not  unlike  a  hig  front  door  with  lots  of  knobs, 
»nd  keyholes  on  it ;  but  at  the  Niagara  power  house  it  takes 
~tks  §ana  of  an  imposing  platform,  or  having  in  mind  its  controlling 
Ametioiu,  we  may  compare  it  to  the  bridge  of  an  ocean  steamer, 
vbile  tho  man  in  charge  or  handling  the  wheels  answers  to  the 
MTi^itisg  officer.  The  iugeuioua  feature  is  employed  of  using 
~  air  to  aid  in  opening  and  closing  tho  switches.  Tho  air 
(torn  a  compressor  locatod  at  the  wheel  pit  and  driven  by  a 
water  motor.  It  supplies  air  to  a  large  cylindrical  reservoir, 
bom  which  pipes  lead  to  tho  various  switches,  the  pressure  being 
US  Iba.  to  the  square  inch.  Another  interesting  point  is  that  the 
mcMnriag  instruments  on  tho  switchboard  do  not  measure  tho  whole 
enzTont,  bat  simply  a  derived  portion  of  determined  relation  to  that  of 
Ihs  geoeratorsL  All  told,  less  than  a  thirtieth  of  a  horso-powor  gives 
all  1^  indications  required.  To  the  switchboor'l,  current  is  taken 
fron  the  dynUQOs  by  heavy  insulated  cable,  and  it  is  then  takeu  off  by 
knge  eopper  bos  bars  which  are  carefully  protected  by  layers  of  pure 
Pu%  gum  and  vulr&nisod  rubber,  two  layers  of  each  being  used; 
whiJe  outside  of  all  is  a  special  braided  covering,  treated  chemically  to 
nader  it  noD-oombustible.  The  calculated  losses  from  heating  in  a 
Ml  of  Ibar  bns  bars  carrying  35,000  horse-power,  or  tho  total  output 
«f  IIm  flnt  five  Niagara  generators,  is  only  10  horse-power.  About 
IflOO  fsat  of  insulated  cable  have  been  supplied  tu  carry  the  current 
froiB  the  dyruunos  to  the  switchboard  in  tho  power  house.  It  has 
Mi  broken  down  until  between  45,000  nn<l  48,000  volts  of  alternating 
were  applied  to  it.  There  are  4*27  copper  wires  in  that  cable, 
of  61  strands  laid  up  in  reverse  layers,  each  strand  con- 
Boven  wires.  Next  to  the  strand  of  copper  is  a  wall  of 
ooe-qnarter  inch  thick,  double  coated.  Over  this  is  wrapped 
■faaolately  pare  rubber,  imported  from  England  and  known  as  cut 
Then  como  two  wrappings  of  vulcanisablo  Para  rubber,  nev t 
IB  *  wrapping  of  cut  sheet,  and  on  top  of  that  are  two  more 
ooAts.  This  is  then  taped,  covered  with  a  substantial  braid. 
The  object  in  using  the  cut  sheet  is  tu  vulcanise  it 
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by  contact,  in  ordur  to  make  it  absolutely  water-tight.      Tbia  cab! 
weighs  just  over  4  lbs.  to  the  foot,  of  which  3  lbs.  are  copper  and  1  lb. 
insulation. 

We  have  thus  advanced  far  enough  to  get  our  current  on  to  tho 
bus  bars,  and  the  next  step  is  to  get  it  from  tliem  out  of  the  power 
house.  This  final  work  is  done  by  extending  our  bars,  so  to  speak, 
and  carrying  tht-in  aeross  the  bridge  over  the  canal,  into  what  is 
known  as  the  transformer  honse.  It  is  here  that  tho  current  received 
from  the  other  side  of  the  canal  is  to  be  raised  in  potential,  so  that  it 
can  bo  sent  great  distances  over  small  wires  without  material  loss. 
Meantime  we  may  note  that  the  Niagara  Falls  Power  Ck>.  itself 
owns  more  than  a  square  mile'  around  tho  power  house,  upon 
which  a  lurgo  amount  of  power  wUl  be  consumed  in  the  near  future 
by  manufacturing  establishments  of  all  kinds,  and  that  it  is  already 
delivering  power  in  large  blacks  electrically  for  a  great  variety  of 
purpoecs.  Special  apparatus  for  this  work  has  been  built  by  the 
General  Electric  Co.  The  current  for  the  production  of  alumininm 
is  made  "  direct "  by  passing  through  static  and  rotary  transformere, 
while  tho  Acheson  Oarborundnra  process  uses  the  pure  alternatiiig 
current.  Besides  this,  the  trolley  road  from  Niagara  to  Buffalo  is 
already  taking  'part  of  its  power  from  the  Niagara  power  hooae  by 
means  of  rotary  transformers.  For  these  and  other  local  uaes  the 
company  has  constructed  subways  in  which  to  carry  the  wire  across 
its  own  territory.  These  subways  are  5  feet  6  inches  high,  and 
S  feet  10  inches  wide  inside.  They  are  built  up  with  12  inches 
of  Portland  cement  and  gravel,  backed  up  with  about  1  foot  of 
masonry  at  the  bottom  and  extending  about  3  feet  up  each  side. 
The  electric  conductors  are  carried  on  insulated  brackets  or  insn- 
lators  arranged  upon  the  pins  along  the  walls.  These  brackets 
are  30  feet  apart.  At  tho  bottom  of  tho  conduit  manholes  are 
holes  for  tapping  off  into  side  conduits,  and  along  it  all  runs  a 
track,  upon  which  an  inspector  can  propel  himself  on  a  private 
trolley  oir  if  necessary.  Thus  is  distributed  locally,  the  electric 
power  for  which  tho  consumer  pays  tho  very  modest  sum  of 
31.  17t.  6d.  per  electrical  horse-power  per  annum  delivered  on  the 
wire,  or  about  two  guineas  for  a  turbine  horse-power,  a  rate  which 
is  not  to  be  equalled  anywhere,  in  view  of  the  absolute  certainty  of 
the  power,  ftee  from  all  annoyance,  extra  expense,  or  bother  of  any 
kind  on  tho  part  of  the  consumer. 

It  is  a  curious  fact  that  tho  proposnl  to  transmit  the  energy 
Niagara  long  distances  over  wire  should  have  been  regarde<l  with 
much  doubt  and  scepticism,  and  that  the  courageous  backers  of  tho 
enterprise  should  have  needed  time  to  domonstrato  that  they  wew 
noither  knaves  nor  fools,  but  simply  bnivo,  far-seeing  men.  We  have 
to-day  parallel  instances  to  Niagara  in  tho  transmission  of  oil  tni 
natural  gas.  Oil  is  delivered  in  New  York  City  over  a  lino  of  pip* 
which  is  at  least  400  miles  long,  and  which  has  some  thirty-fin 
pumping  stations  en  route,  the  capacity  of  the   line    being  30,00il 
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iMtrels  a  clay.  All  that  oil  has  first  to  be  gathered  from  individual 
wolls  in  the  oil  region,  and  delivered  to  Btorage  tanks  witli  a  capacity 
of  9,000,000  barrels  of  oil.  Chicago,  Philadelphia  and  Baltimore  are 
oentruB  for  similar  systems  of  oil  pipe  ranuing  hundreds  of  miles  over 
hill  and  dale.  As  for  natnral  gas,  that  is  to-day  sent  in  similar 
manoer  over  distances  of  120  miles,  Chicago  being  thus  sujiplied  from 
the  Indiana  gas  fields ;  and  the  gas  has  its  pressure  raised  aud  lowered 
several  times  on  its  way  from  the  gas  well  to  the  consumer's  tap, 
joet  as  though  it  were  cnrreat  from  Niagara. 

Wo  must  not  overlook  some  of  the  fantastic  schemes  proposed  for 
transmitting  the  power  of  Niagara  before  electricity  was  adopted. 
One  of  them  was  to  hitch  the  turbines  to  a  big  steel  shaft  running 
throngh  New  York  State  from  east  to  Avest,  so  that  where  the  shaft 
paMCid  a  town  or  factory,  all  rou  had  to  do  was  to  hitch  on  a  belt  or 
■ome  gear  wheels  and  thus  take  oil'  all  the  power  wanted.  Not  much 
leaa  expensive  was  the  plan  to  have  a  big  tube  from  New  York  to 
Chicago  with  KiAgara  falls  at  the  centre,  and  with  the  Niagara 
tarbuuM  hitched  to  a  monster  air  compressor  which  should  compress 
air  imder  350  lbs.  pressure  to  the  eqnoro  inch  in  the  tube. 

So  far  as  actual  electrical  long-distance  transmission  from  Niagara 
ia  oonoemcd,  it  can  only  be  said  to  be  in  the  embryonic  stage,  for  the 
acAn  reason  that  for  nearly  a  year  past  the  Power  Company  has  been 
nnahle  to  get  into  Buffalo,  and  that  nut  until  last  year  was  it  able  to 
arrive  at  acceptable  conditions,  satisfactory  alike  to  itself  and  to  tho 
city.  Work  is  now  being  pushed,  and  by  Jane  1897  power  from  the 
Falls  will,  by  contract  with  the  city,  be  in  regular  delivery  to  tho 
local  ooQBumption  circuits  at  Bufialo,  twenty-two  miles  away.  Bat 
the  question  arises,  aud  has  been  fiercely  discussed,  whether  it  will 

Cy  to  send  the  corront  beyond  Buffalo.  Becent  official  investigations 
ve  shown  that  steam  power  in  largo  bulk  under  the  most  favonrablo 
conditions,  costs  to-day  in  Buffalo  10^.  per  year  per  horse-power  and 
apwarda.  Evidently  Niagara  power  stoi-tiug  at  21.  on  the  turbine 
thaft,  or  say  less  than  4/.  on  the  line,  has  a  good  margin  for  effective 
ooapstition  with  steam  in  Buffalo. 

As  to  tho  far-away  places,  the  well  known  engineers,  Prof.  E.  J. 
TToiMton  and  Jlr,  A.  E.  Kcnnolly,  have  made  a  most  careful  estimate 
uf  the  distance  to  which  the  energy  of  Niagara  could  bo  ucoriomicully 
traiuimittod  by  electricity.  Taking;  established  conditioos,  aud  prices 
that  aru  nskMl  to-duy  fur  apparatus,  they  have  sbotvn,  to  their  own 
Mtiafaction  at  least,  tlidt  ovou  in  Albany  or  anywhere  else  in  the  same 
ladioa,  330  miles  from  the  Falls,  the  converted  energy  of  tho  great 
aatanoi  cuuld  be  delivered  cheaper  than  good  steam  engines  on  the 
spot  oould  make  steam  power  with  coal  at  the  normal  price  there  of 
12s.  per  ton. 

what  this  cntorprieo  at  Niagara  aims  to  do  is  not  to  monopolise 
Um  power  bat  to  disLributo  it ;  and  it  makes  Niagara,  more  than  it  ever 
was  before,  common  property.  After  all  is  said  and  done,  very  few 
JKloflo  ever  aee  the  Falls,  and  then  only  for  a  chance  holiihiy  once  in  a 
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lifotime  ;  bnt  now  the  nBofiil  energy  of  the  cataract  is  made  cheaply 
and  immediately  available,  every  day  in  the  year,  to  handreds  and 
thonRands,  even  millious  of  people,  in  an  endless  variety  of  waya. 

We  must  not  omit  from  onr  survey  the  Erie  Canal,  in  the  revival 
and  greater  utilisation  of  which  as  an  important  highway  of  oommerce 
Niagara  power  is  expected  to  play  no  mean  part.  In  competition 
with  the  fitcftra  railway,  canals  have  sufferod  greatly  the  last  fifty 
years.  In  the  United  States,  out  of  44C8  miles  of  canal  built  at  a 
oost  of  40,000,000/.,  about  one-half  has  been  abandoned  and  not  much 
of  the  rest  pays  expenses.  Yet  canals  have  enormous  carrying 
capacity,  and  a  single  boat  will  hold  as  much  as  twenty  freight  cars. 
The  New  York  State  anthorities  have  agreed  to  conditions  by  which 
Niagara  energy  can  bo  used  to  propel  the  canal  boats  at  the  rate  of 
4/.  per  horse-power  per  year.  Where  stoam-boat  haulage  for  242 
tons  of  freight  now  costs  about  6jJ.  a  boat  mile,  it  is  estimated  that 
electric  haulage  will  cost  not  to  exceed  5\d, ;  while,  with  the  energy 
from  Niagara  at  only  4/.  per  horse-power  per  year,  it  will  cost  much 
less.  Some  two  years  ago  the  first  attempt  was  made  in  the  United 
States  on  tho  Erie  Canal,  with  the  canal  boat  "  F.  W.  Hawley,"  when 
the  trolley  system  was  used  with  the  motor  on  the  boat,  as  it  is  on  an 
electric  car,  driving  the  propeller  as  if  it  were  the  car  wheels. 
Another  plan  is  that  of  hanling  the  boat  from  the  tow-path,  and  that 
is  what  is  now  being  done  with  tho  electric  system  of  Mr,  Bichird 
Lamb  on  tho  Erie  Canal  at  Tonawanda,  near  Niagara.  Imagine  as 
elevator  shaft  working  lengthwise  instead  of  vertically.  There  i* 
placed  on  poles,  a  heavy  fixed  cable  on  which  the  motor  truck  rests, 
and  a  lighter  traction  cable  is  also  strung  that  is  taken  np  and  paid 
out  by  a  sheave,  as  tho  motor  propels  itself  along  and  palls  the  mnal 
boat  to  which  it  is  attached.  If  the  boats  come  from  opposite  direo- 
ticms  they  simply  exchange  motors,  jost  as  they  might  mules  or 
locomotives,  and  go  on  without  delay. 

On  its  property  at  Niagara  the  Power  Company  has  already  begm 
tho  development  of  the  new  village  called  Echota,  a  pretty  Indian 
name  which  signifies  "  Place  of  Eofuge."  I  believe  it  is  Mr.  W.  D. 
Howells,  our  American  novelist,  who  in  kindred  spirit  speaks  of  the 
"  Kepose"  of  Niagara.  It  was  laid  out  by  Mr.  John  Bogart,  formerly 
State  Engineer,  and  is  intended  to  embody  all  that  is  best  in  sanila- 
tion,  lighting  and  urban  comfort.  It  doos  not  need  the  eye  of  faith  U> 
see  here  the  beginning  of  one  of  tho  biiaiost,  cleanest,  prettiest  and 
healthiest  localities  in  the  Union.  The  working  man  whose  factory  is 
not  poisoned  by  smoke  and  dust,  whoso  homo  was  designed  by  distin- 
guished architects,  whose  streets  and  parks  were  laid  out  by  celehnteJ 
engineers,  and  whose  leisure  is  spout  within  sight  and  sound  of  lovely 
Niagara,  lias  little  uanso  for  grumbling  at  his  lot. 

The  American  company  has  also  preempted  tho  great  utilisatio'* 
of  tho  Canadian  share  of  Niagara's  energy.  Tho  plan  for  this  wor» 
pro|x»8es  the  erection  of  two  power  houses  of  a  total  ultimate  capacity 
of  125,000  horse-power.     Each  power  house  is  fed  by  its  own  can** 
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ud  ii  therefore  an  independent  unit.  Otdng  to  the  better  lay  of  the 
lad,  the  tunnels  carrying  off  the  water  discharged  from  the  turbines 
CO  the  Canadian  side  will  have  lengths  resjiectivoly  of  only  300  and 
800  feet,  tbas  avoiding  the  extreme  length  and  cost  unavoidable  on 
tie  American  side.  With  both  the  Canadian  and  American  plants 
Wlf  developed,  no  less  than  350,000  horse-power  will  be  available. 
Tl>»  il*tinn«uy  engines  now  in  use  in  New  York  State  represent  only 
M0,000  borso-power.  Yet  the  350,000  horse-power  are  but  ono- 
tNDtietli  of  the  7,000,000  horse-power  which  Prof.  Uuwin  has 
Mantled  the  Falls  to  represent  thcoreticnlly.  If  the  350,000  horse- 
ft»er  were  estimated  at  4/.  j)er  year  per  horse-power,  and  should 
KpUoe  the  eaoie  amount  of  steam  power  at  lOZ.,  the  annual  savinr; 
for  poirer  in  New  York  State  alone  would  bo  more  than  2,000,000i. 
per  year. 

Let  me  by  way  of  conclnsion  craphasise  the  truth  that  this  splendid 
fBgiaeering  work  leaves  all  the  genuine  beauty  of  Niagara  nntouchod. 
It  may  oTen  help  to  conserve  the  scene  as  it  exists  to-day,  for  the 
terrific  weight  and  rush  of  waters  over  the  Horse  Shoe  Fall  is  eating 
it  away  and  breaking  its  cliff  into  a  series  of  receding  slopes  and 
npids;  so  that  even  a  slight  diminution  of  the  wholming  mass  of 
nre  will  to  that  extent  lessen  disruption  and  decay.  Be  that  so  or 
Wta^,  those  of  us  who  are  lovers  of  engineering  can  now  at  Niagara 
gntifjr  that  taste  in  the  unpretentious  place  where  some  of  this  vast 
■wgy  is  reclaimed  for  human  use,  and  then  as  ever  join  with  those 
•bo,  not  more  than  ourselves,  love  natural  beauty,  and  find  with  them 
mo«cd  ple^ur«  and  delight  in  the  majestic,  organ-toned  and  eternal 
alttact. 

[T.  C.  M.] 
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GENERAL  MONTHLY  MEETING, 

Mondoy,  July  6,  1896. 

Sib  Jakks  Cbiohton-Bbowne,  M.D.  LL.D.  F.B.S.  Treasurer  and 
Vice-President,  in  tho  Chair. 

The  Right  Hon.  Lord  Windsor, 
Herbert  Page,  Esq.  F.R.C.S. 
Alfred  Suart,  Esq. 

were  elected  Members  of  the  Royal  Listitution. 

The  Pexsints  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  Ti&: — 

FBOM 

The  Lords  of  the  Admiralty — ^Report  of  the  ABtronomer  Boyal  to  the  Bond  of 

ViaitorB,  1896.    4to. 
Appendix  to  the  Nautical  Almanac  for  1900.    8vo.    1896. 
The  Governor-General  of  India — MemoirB,  Vol.  XXVIL  Part  1.     8to.    1895. 
PaliBontoIogia  Indica.     Series  XIII.  Salt  Range  Foaails,  Vol.  IL     FtwOl 

from  the  Geratite  Formation,  by  W.  Waagen.     Series  XV.  Himakns 

Foesik,  VoL  U.  Trias,  Part  2,  The  Cephalopoda  of  the  HaBchelkalk,  tw 

O.  Diener.    4to.     1895. 
27m  Secretary  of  State  for  India— Bengal  Public  Works  Department.    List  d 

Ancient  Monuments  in  Bengal.    4to.     1896. 
Indian  Department  of  lievonue  and  Agriculture.    Statistical  Atlas  of  India. 

2nd  ed.    fol.     1895. 
Aeeademia  dei  lAncei,  Seale,  Roma — Classo  di  Scienze  Fisicbc,  Matematiohe  e 

Natural!.    Atti,  Scrie  Quiuta :  Rcndiconti.    1"  Semcstre,  VoL  V.  Faao.  1% 

11.    8vo.     1896. 
Agricultural  Society  of  fJitgland,  Jtoyal— Journal,  3rd  Series,  VoL  VIL  Part  I 

8vo.     1896. 
American  Philotophiaal  Society— Proceedings,  Vol.  XXXIV.  No.  49.    8vo.    1895i 
Amhertt,  The  Hon.  Alicia  {the  Author) — A  History  of  Gardening  in  England. 

8vo.    1895. 
A$iatic  Society  of  Bengal— Jmxmal,  VoL  LXIV.  Part  1,  No.  4;   VoL  LXV. 

Part  2,  No.  1.    8vo.     1896. 
Proceedings,  1895,  Nos.  9, 10.-  1896,  No.  1.    8vo. 
Aftronomieal  Society,  ifoyoi— Monthly  Notice-s  Vol.  LVL  No.  8.    8to.    1896. 
General  Index  to  Vols.  XXX.-LII.  of  tho  Monthly  Notices  of  the  B.A.S.   Sm 

1896. 
Banker*,  Imtitute  o/— Journal,  Vol.  XVII.  Part  6.    8vo.    1896. 
Bech,  M.  M.  {the  Author) — Theorie  molcculairc-  du  re'oeptenr  Bell.    8?o.    1896. 
iJo*<«nSoe/>«yo/JVa<ttmii/»»<ory— Proceedings!,  Vol.  XXVII.  Parts  1-6.  Sva  1896. 
British  Architect*,  Boyal  iMtitvte  o/— Journal,  .Srd  Series,  Vol.  III.  Nos.  15^  16i 

4to.     1896. 
Britith  Aftronomieal  Attociatton — Memoirs,  VoL  IV.  Part  2 ;  Vol.  V.  Part  1.   Sm 

1896. 
Journal,  Vol.  VI.  Nos.  7  8.    ^vo.    1896. 
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1  Cull — Jounul  for  Jane,  1896.    8to, 
an  /i»#/tlut<)— Tninsactioiw,  1892-JI3,  No.  8.    8vo. 
t  Inilnjulnj,  Society  iif — lounial,  Vol.  XV.  No.  5. 
"  JSociety — Joanwl  for  Jnne,  1896.     8vo. 
8.  No«.  UW.  167.    8to.     1«!>5-96. 
•«,  IntlilutUm  o/— Proceedings,  Vol.  CXXIV. 
Members,  &e.    8vo.     ISM. 

0/  ArduBt^ogical  Socitli^ — Index  of  Archowlogical  Papers  published  ia 
(third  iMoe  of  wriM).    8vo.     1804. 

PolpUelmie  SooMy,  i^oyul— Sixtv-lliird  Annual  Report.     8va     1895   . 
Ropal  JimMuMmi  o/-^oui-nal.  Vul.  XII.  Part  2.    8to.     181f6. 
'ie,  A'-ade'mie  det  SoienctJt — Bulletin,  1896,  Noa.  4,  3.    8vo. 
DbmrM  tt-  Co.  i$f  r  Donald — Tantallun  Cnctlo :  the  Story  of  tho  Castle  ooil  tlie 
[      8bip.  told  by  E.  R.  PeniK-ll,  with  illujitratiuus.    4to.     1895. 
miitor* — American  Jourtial  of  Science  tor  Juno,  1896.     8vo. 
I  Analyst  for  June,  181*6.    8vo. 
Antbony^a  Plioto^nkphio  Bulletia  for  June,  1890.    Svo. 
AthcntBum  for  June,  1896.     4to. 
Autlior  for  June,  1896.    Svo. 
Bimetdlixt  for  June,  1896. 
Brewers'  Journal  for  Juno,  1896,     8vo. 
Clu?inii:<ll  News  for  June,  1896.     4tn. 

<"    : '  !»nigj^;<t  for  Juno.  1S96.     Svo. 

■leer  for  June,  1S96.     fol. 

J  .  -  i,;nwring  for  June,  1896.    Svo. 

Kleotncal  R4.>view  for  June,  189&     Svo. 
o  Plant  for  Juno,  1896.     4to. 
city  for  June.  1896.    Svo. 
for  June,  1896.     fol. 
for  June,  1896.     fol. 

Reriew  and  Mutal  Worker  for  Juno,  1896.     Svo. 
ic  Review  for  June,  1896.    8vo. 
>gl<Ml  Journal  for  June,  1896.    Svo, 
Imluflru-n  and  Iron  for  June.,  1896.    foL 
InrcDlion  for  June,  1896. 
Law  Journal  for  June,  1896.     Svo. 
'■■      I.Hlxi.    8vo. 

liirntion  Oazetto  for  .Tune,  1896.     Svo. 
r  June,  1896.    Svo. 
'Natiir«  for  June.  1b:)6.    4to. 
jIuttTO  Ciniciito  for  May,  1896.    Sva 

"lio  News  for  June,  18y6.    Svo. 
iflingK  for  Jnne,  1896. 
World  for  Juno,  18'J6.     Svo. 
|M.K  r.r  Juno,  1896.     fol. 
ml  A^Tirulturiat  for  May,  1896. 
1  'tiue.  1896.     4to. 

".  InKtUulion  0/— Journal,  Val.  XXV.  No.  128.    Svo. 
in,  CAiV/u/o— Annual  Report  of  tho  Director.    8vn. 
..    Br  C  K.  Mill8|piiM^li  uiid  L.  W.  Niitlnll.    Svo. 

,.,  .,,,   '    ^' -i/rnfc— Bollotino,  N08.  250  liSa.     Svo. 

iiw/ilu/r— Jir  lie,  1S96.      8v«, 

Sofieiji,  /.'•■  >       _;raphi«U  Jounuil  for  June,  1896.     Svo. 

miiMoirhlcul  Sij<-irti) — Llle  und  Work  of  Him  and  tho  expcrimuQUd 
of  the  Stotttn  Engine.     By  W.  C.  Unwiii.     8vo.     1896. 
ih  Annnal  Rfport,  1895-96.     Svo.     1896. 
nir  It'.  Emj.  {IM  Author) — The  Vaooiuation  Question. 
,        .....     1.SU6. 
mptrial  IndUuU — Imperial  lustitutc  Jourtuil  for  June,  1896. 


18W*. 

189.5. 

1896. 
1896. 


New  edition. 
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John$  Hopkitu  {Tn^verMfy— IJniTenity  Studies,  Fourteenth  Series,  NoSi  6;  7. 
8vo.     1S96. 
American  Chemical  Joumnl,  Vol.  XYHI.  No.  6.    Svo.    1896. 
American  Journal  of  Philology,  Vol.  XVI.  No.  2.    8to.     1895. 
Leiee$ter  Putiic  LiferartM— Twenty-fifth  Annual  Report,  1895-96.    8to. 
Linnean  So<H«ty— Journal,  Nob.  215,  216.    Svo.    1896. 
Madrcu  Government  Afuteum — Anthropology  of  the  Todae  and  Kotaa  of  the  Nilgiri 

Hills,  4c.     By  E.  Thurston.    8va     1896. 
Manchetter  Geological  bociely — Tnmsactions,  Vol.  XXFV.  Part  8.     8to.    1896. 
Navy  league — Nuvy  Leagrue  Journal  for  June,  1896.    Svo. 
New  York  Academy  of  Sciencea — Memoirs,  Vol.  I.  Part  1.    4to.     1895. 
Odtmtologioal  Society  of  Great  Britain — Transactions,  Vol.  XXVIIL  Nob.  6, 7. 

8to.     1896. 
Farit,  Soeiefe  Franfaite  de  Pfty«£ue— Bulletin,  Nos.  80-82.    Sva    1896. 
Fharmaceutieal  Society  of  Great  Britain — Journal  for  June,  1896.    Svo. 
Philadelphia,  Geographical  Club  o/— Bulletin,  Vol.  II.  No.  1.    Svo.    1896. 
Photograpltic  Society,  Hoyal — Photographic  Journal  for  May,  1896.    Svo. 
Physical  Society  of  London— Proceedings,  Vol.  XIV.  Part  6.    Svo.    1896. 
Raddiffe  Obtervatory   Trtuieea — Kesults  of  Astronomical    and    Heteorologied 
Observations  made  at  the  Radcliffe  Observatory,  Oxford,  in  the  years  1888- 
89.    Vol.  XLVI.    Svo.     1896. 
Borne,  Miniitry  of  PtMie  IForfc*— Oionale  del  Genio  Civile,  1896,  Fasc  8.  Ani 

Design!,    fol. 
Boyal  Irith  Academy— Tmaaaetioxa,  Vol.  XXX.  Parts  18-20.    ito.    1896. 
Proceedings,  3rd  Series,  Vol.  III.  No.  5.    Svo.     1896. 
List  of  Members.    Svo.     1896. 
Royal  Society  of  Literature — Report  and  List  of  Fellows.    Svo.    1896. 
Boj/al  Soeieti/  of  Lonrfon— Proooedings.  No.  357.    Svo.    1896. 
Philosophical  Tnmsactions,  Vol.  CLXXXVL  B.  No.  135 ;  Vol.  CLXXXVII.B. 
No.  136,  A.  No.  179.     4to.     1896. 
Sanitary  /n«ftYu^e— Illustrated  List  of  Exhibits  to  which  medals  have  been 

awarded  at  the  exhibitions  of  the  Sanitary  Institute.    Svo.    1896. 
Sdlxime  Soei'tfy — Nature  Notes  for  June,  1896.    Svo. 
Society  of  .4W»— Jounial  for  June,  1896.     Svo. 
IJnited  Service  Inttilutioti,  i?oyn/— Journal,  No.  220.    Svo.    1896. 
United  Slaiet  Department  of  Agriculture  {Office  of  Experiment  Station$) — Beomd, 
Vol.  VIL  No.  6.    Svo.    189U. 
Bulletin,  No.  28.    Svo.    189G. 
Monthly  Weather  Review  for  Decombcr,  1895.    Svo. 
Climate  and  Health,  VoL  II.  No.  2.    Svo.    1896. 
Report  of  the  Chief  of  the  Weather  Bureau  for  1894.    Svo.     1895. 
Unit^  States  Department  of  the  Interior  ((Jentut  Office) — Report  on  the  Statiatiei 
of  Agriculture  in  the  United  States  at  the  Eleventh  Census,  1890.    4to. 
1895. 
Re|H)rt  on  Traitsportation  Business  in  the  United  States  at  the  Eleventh  Cema^ 

1890,  Part  I.  Transportation  by  Land.    4t<>.     1895. 
Report  on  Vital  and  Social  Statistics  in  the  United  States,  Fart  m.  Stetisties 
of  Deaths.    4to.    1894. 
United  States  Patent  O^ce— Official  Gazette,  Vol.  LXXIV.  Nos.  10-13:  Vol 

LXXV.  Nos.  1-4.    Svo.     1896. 
Verein  tur  BefSrderung  des  Getoerbfleittes  in  Preutsen — Verhandlungen,  189& 

Heft  5.    4to.    1896. 
Kictorta  Institute — Journal  of  the  Transactions,  Vol.  XXVIIL  No.  118.    8to. 

1896. 
Tals  University  Astronomical  Obserratory — Transactions,  Vol.  I.  Part  5.  4ta  1896- 
Yerkes  Observatory.  Vnivernly  of  Chicago — Organisation  of  the  Terkes  Observa- 
tory.    By  E.  Hale.    8vo.    1896. 
Zoological  Society  of  London — Proceedings,  189G,  Part  1.    Svo.    1MI6. 
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GENERAL   MONTHLY   MEETING, 
Monday,  November  2,  1896. 

Sib  Javks  Cbiohton-Bbowke,  M.D.  LL.D.  F,B.S.  Treasaror  and 
Vice-President,  in  tlie  Chair. 

Goorge  CawBton,  Esq. 

J.  Brongbtou  Dugdalo,  Esq.  J. P.  D.L. 

Henry  Uarbon,  Esq.  J.P. 

John  H.  Usmar,  Esq. 

wore  elected  Members  of  the  Eoyal  Institution. 

The  Special  Tlianks  of  the  Mombera  were  rotumed  for  tlio 
following  Donations  to  the  Fund  for  the  Proinotiou  of  Experimental 
Bewarch  at  Low  Temperatures : — 


The  Proprietors  of  The  Timeg 
Dr.  Lndmg  Mund 
Professior  Do  war 
Sir  Andrew  Noblo 


£100 

50 

50 

100 


Tbe  following  reply  from  the  Right  lion.  Lord  Eelvin  to  the 
Addresfl  from  the  Members  of  the  Royal  Institution  on  the  occasion 
of  the  Jobilee  of  his  appointment  to  the  Ohair  of  Natural  Philosophy 
in  the  University  of  Glasgow,  was  read  and  ordered  to  bo  cntorml  on 
the  Minntos. 

"  Tke  University.  Glasgow. 

"  For  til*  Address  wbioh  I  havo  bad  the  honnur  to  receive  rroni  tlio  Rovnl 
ttulion  im  the  oenuion  of  tbe  Jubilee  of  my  PmrestiorDliip  of  Nntuml  Pliiln- 
^T  In  till*  UriiTursity  of  UbiBgDW,  I  dcsin)  to  c-xpn-gg  my  w&rmost  tbaiikii. 

Vkiiui  »i-ry  highly  tl'ie  grMit  honour  wliicli  it  bas  conferred  on  me.  Tbe 
frttoilly  nppriniition  of  my  )iiMOfitit!<'  work  conlniimd  iii  tliu  aiblreas  ia  ninat 
ICkUfyitii;.  I  fct'l  dc^iily  touched  by  tbo  grrnt  kiiidDcaii  to  myaeU,  and  tho 
txA  *iib<i«  for  my  welfare  of  which  it  givcti  ixprcuiiQii. 

KELVIN. 

July  C,  189C." 

Tho  Managem  reported  that  at  their  Meeting  held  this  day,  they 
W  elwjtod  Professor  Augnatus  D.  WuUer,  M.D,  F.R.S.  FuUerian 
Phifoator  of  Physiology  fur  ttiroo  years  (the  appoiutmont  dating  from 
•'•uiinry  13, 1897). 
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The  Faebbnts  received  since  the  last  Meeting  were  laid  oa    tf^is 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz.  z- 


By  E.  Bulta 


1890. 
189«. 


Tha  Secretary  of  StaU  for  India — SoTith  lodian  Inacriptiona. 

Vol.  II.  Purt  3.     4to.     \%m. 
The  Lords  of  the  Adfuiralty — Greenwich  ObBcrvutiuiiB  For  1893.     4ta 
Greenwicu  SpectroBvopic  and  Photoprftjiliio  RusiiIU  lor  1893.     4to. 
Cape  Meridian  Observations,  1888  to  1891.    2  voln.    4to.     1895.  ^ 

Th«  Govemor-Oeneral  of  /ndio— Geologiml  Survey  of  ludia.     Record*,  y^^^' 

XXIV.  Part  2.     8to.     1890.  ^^ 

The  Brilish  Muneurn  {Natural  History}— Ctktaloguo  of  Birds,  Vol  XXIV.    8^^*^ 

1896. 
Catalogue  of  Siiakea,  Vol,  m.    8vo.     189B. 

Catalogue  of  the  Fossil  Bryozoa.    The  JurasBlo  Brj-(«na.     8vo.     1896. 
Catalogue  of  Madreporariftti  Comla,  Vol.  II.     4  to.     1896. 
The  Meleorologital  Offiae — Monthly  Current  Charts  for  the  Indian  Ocean.    IbL 
Aeeademia  dei  Lincei,  Heale,  Botna — Atti,  Bene  Quintn  :  Bcndioonti.    Clone  < 

Scienzo  Mnrali,  etc.     Vol.  V.  Faao.  4-9.    8vo.     18H6. 
Cliuigu  di  Sinenjte  Fiaiche,  etc     1»  Senicstro,  Vol.  V.  Fasc.  12;  2" 

Vol.  V.  Fimc.  1-7.    8vo.     1896.  ..—-A 

Agrii^ltuml  Sueiety  of  England,  ifoyal— Joumul,  Third  &crififl.  Vol,  VII.  Part^^-* 

8vo.     I89ti.  ■ 

Amerioan  Association  for  the  Advancement  of  Scienee — Procoedlnga,  Forty-lonrtSS^*" 

Meeting.    8vo.     1896. 
Avuriean  Geograyhiral  .Society— Bulletin,  Vol.  XXVIII.  No.  2.    8vo.     189C. 
Ameriran  Philosophical  Societj/ — Proocc»lirr«,  No.  150.     8vo.     1896. 
Anuterdam  Roi/af  Aeademy  of  BHenoct — Puolicatioiie,  1893-9(!.    8vo. 
Aristotelian  iSocWu— ProceedingB,  Vol.  III.  No.  2.    Stu.     189<i. 
Atiatic  Society  of  Bffnaal— Journal,  VoL  LXV.  Port  1,  Noa.  1,  2 

Proceedings,  1896,  Noe.  2^5.    8vo.     1896. 
Asiatic  Socigly,  Itoiial — .Toumal  for  July  and  Oct.  I89f;.     8vo. 
Attronomioal  Society,  Royal — List  of  h'ellowa.     8vo.     1896. 

Mmitldy  Notiufs,  Vol.  LVI.  No.  9.     Svo.     1896. 
Auntralmu  Mikfciim,  Sydney — Annual  Ri;'])ort  of  'Irnsteos  for  1895. 
Hunkers,  Institute  ../— Journal,  Vol.  XVll.  I'ort  7.     Svo.     1896. 
Haael,  Nalurforifheiulen  6i)M^-Au/t— VerbaDcllungen,  Band  XL  Hoft  2.    8^*^ 

1896. 
Berlin,  Jloyal  Pnutiau  Academy  of  Sciences — SitzuDgsberichte,  1896,  Voa.  !-«*■*• 

Svo. 
Bostnn  Society  of  Natural  llittory — Proceedings,  Vol.  XXVll.  pp.  7-74.    8'^'* 

18U6. 
Boston,   V.S.A.,  Public   Library— Monih\y  Bulletin  of    Books  added    to  fc*»« 

Library,  Vol.  I.  Noa.  1-8.    Svo.     189t>. 
Britisii  ArchitecU,  lioytU  institute  o/— Jonraid,  1895-96,  Noa.  17-20,  and  CiiieuS*'- 

Svo. 
British  Astronomical  Association — Journal,  Vol.  VI.  Nos.  0,  10.    Svo,    18M> 
Buenos  Aires,  Uuteo  NaeioHol  de. — AniiHleg,  Tiimo  IV.     Svo.     1895. 
Cambridge  Philonophieal  Society — Proceedings.  Vol.  IX.  Part  3.    8to.    1898. 

Trantictinns,  Vol.  XVL  Part  1.     4to.     1896. 
Camttridge  Unieersity  Library — Annual  Report  of  tlio  Library  Syndioalfi  18M. 

Svo. 
Camera  Club — Journal  for  July-Oot.  1890.    Svo. 
CapeofOood  Hope,  The  Surveyor- Omeral  of  tlw  Colony  of  (A<— Report  on  CoIomI 

Morrin'a  Geodetic  Survey  of  S'luth  AfricH.     By  D.  Gill.    foL     1896. 
Chemical  Induftry,  Society  o/— Joiirunl,  Vol.  XV.  Ncie.  G-9.     Sto.     ISWS. 
Chemical  Society — Joumiil  Ihr  July-Clct.  1896.     8vo. 
Jtibilee  of  the  Chemical  Society,  1891.    Svo.     1896. 
Proceedings,  Nos.  1C6  1C8.    Svo.     1896. 


Part  2.  No. 


Sro.    l«9t-  — 
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181)6. 


8vo. 


^•'■'•/  orLoiKtoi  CaOeffe— CUeadar.  189C-97.    8vo.     1896. 
'  ',„.«• /njWut/on—Procociines,  Vols.  CXXV.  CXXVr.    8ra 

-.W(!'yo//x>n'J<TO—Tran*«<'tionB.  Vol.  XXIX.    8vo.     189G. 
'".(1/  IiftiluU.  /{oy.t/— Proceclirig!!,  Vol.  XXVII.  1895-96.     8vo.     1896. 
'^^•^vatl,  R,»i<il  iMtiluHon  o/— Journal,  Vol.  Xllf.  Piut  1.     8vn.     1896. 

'         il-f  ticienet* — Btillctiu  lutemntional,  1890,  Noa.  0,  7.     8vo. 
/   M.D.  LL.lK  (the  Aul)K)r}—Tho  American  Blood  Test  for 
.^  '      ■  "sin.     8vo.     1896. 

i*««,.vinr/<'if»r /Am/.»— RuUetin,  1896.  PromwrTrimMtre.     8vo.     1896. 
*^»^r,  Pn/auor,  M.A.  LL.D.  F.lt.S.  Jtf.ft./.— Tninsactiong  oftho  Seventh  Inter- 
Mlinnikl  Goa^^eti  of  Hygiene  umi  Deiuogmphy,  1891,  Vola.  l.-XIU.    8ro. 
^     1«92-!«1. 

^*^  ^"^o  AttoeiatUm—Joumfih  Vol.  XXVIR.  No.  9.     8to.     1896. 
^^•fon— American  Journal  of  Science  for  July,  Aug.  Oct.  1890.    8to. 
AiinlTBt  for  July-C)ct.  1896.    8to. 

Aiillimiy'6  Pliotojrmrhic  Bulletin  for  July-Oct.  1890.    8vo. 
Airtrnpbyniral  Jnumal  for  July-Oct.  1890,    8vo. 
Aleneo  Vc-neto  fnr  lt>95.    8»o. 
Atbeneum  for  July-Oct,  1896.    4to. 
Aatlior  for  Julr-Oct.  1896. 
Bimeiallist  for  July-Oct.  1896. 
ObMniAd  Newi  for  Jnlv-Oct.  1896.     4to. 
Cheaiijt  and  Druggist  for  July-Oct.  1896. 
Uooatkm  for  July-Oct.  18.16.    8ro. 

"  Engiiieer  for  July-Oct  1890.    fol. 
EDgineeriog  for  Jaly-Oct.  1896. 
BeTiew  for  Jttly-Oct.  1896.    8vo. 
c  Plant  for  July-OcL  1896.    8vo. 
eer  for  July-Oct.  1890.    fol. 
iriuK  t'Jt  July -Oct.  1896.    fol. 
HMMMtnthic  Uerietr  for  July-Ort.  1896. 
BontoKloal  Jounial  for  July-Oct.  1896.    Sm. 
tadaitrieB  and  In-n  for  July-Oct.  1896.    fol. 
lavMrtioD  for  July~Oct  1896.    8to. 
Jooraal  of  Phyiiea!  Chemlatry,  Vol.  I.  No.  1. 
Law  Joomal  for  July-Oct.  1896.    8vo. 
iUtUaerf  Market  for  July-Oot  1896.     8vo. 
Moniat  for  Julr-Oct  189fJ.    8to. 
NatsiR  f      T   '     n  t.  ISix;.    4to. 
NmtCI^  liine  for  July-Oct,  1896.     8vo. 

Nasm  C .  r  Jiine-Aug.'lS9<;.     8vo. 

Phyrfml  Koview  for  July-Ocl.  1896.     8vo. 
8ei«0M  Sifliiiga  for  Jaly-Oot  18i*0.     Svo. 
HciMtiAc  African  for  April,  lit96.    8vo. 
TivTMtrlal  >Ia<^etiflai  for  July,  1890.     8vo. 
TfmwRH  r-  ■      •   ■  Oct  18W.     fol. 
Tmm  I  ;^^  Oct.  Nov.  1896. 

IVapieai  ...,-.    ...injit  for  June- Oct  1896.    Svo. 
~      '""iwlor  July-Oct  18tH3.    4to. 

Btgiftefn,  tmtUuiimi  o/— Journal,  Vol.  XXV.  No.  124.    8to.     1896. 
Lnw*  and  Liat  of  Memberm.    8vo.     1 896. 

JnttihUitm  of  J  amor — Beoord  of  Tmuaactiona,  Vol,  V.  189^1-95.     Srou 

CrnnU^  Tttknieal  LahoraUrriet,  Chrlmn/ord — Jonmal  for  June-Sept  189G. 

MbLW  ,i/e  Criifra;c—BollLttinn,Nn8.  253-59.     8vo.     1896. 

,  Ktittr  ,iti  (JfKirgoJlU—Mli.  Vol.  XIX.  Diap.  2.    Svo.     1806. 

/  )   urual  for  July-Ool.  1890.     8to. 

J   {the  .ilut/un'}— Instruction  in  Sociology  in  luatitutiotia  of 


Svo.     18DC. 
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Geographieal  Sofiety,  Boydt— Geographical  Jonnud  for  Jnlf-Oot.  189&    81Q. 

GeologUal  Soeiety—QnaileTlj  Jonrnal,  Na  207.    8va    1896. 

Harletn,  Boeieti  HoUandai$e  dtt  Seieneet — Archives  NteUndftiaea,  Tome  ZXX. 

LiTT.  2.    8va    1896. 
HetulmB,  Rev.  George,  M.A.  FJt.8.  (ike  Author)— The  Plaati  of  the  KUai    8m 

1896. 
Soepli,  Ulrieo,  Etq.  (the  Ptibli$her}—XX  Anni  di  Yite  editoriUe.    Edbaani 

Hocpli,  1872-96.    Milan.     8vo.    1896. 
HortieultuTal  Society.  Royal— Jownud,  VoL  XX.  Part  1.    8vo.     1886. 
Imperial  Itutilute — Imperial  Institute  Jonmul  for  Jnly-Oct.  1896. 
Increated  Armamenti  Protetl  Committee — Empire,  Tnde  and  AnnankentB:  An 

exposure.    8to.    1896. 
Iron  and  Steel  Intatute—Jonraal,  1896.  No.  1.    8vo. 

Jcltnt  Hopkitu  Unirertity — Americiin  Cbemio-.il  Journal  for  Jaly-Oet  1896. 
Univei»ity  Circulars,  Nns.  12.5,  126.    8vo.     1896. 
American  Journal  of  PiiiloIi>g>',  Vol.  XVIL  Nos.  I,  2.    8vo.    1896. 
Life-Boat  In$titution,  Royal  Sational — Journul  for  Aug.  1896.     8to. 
Ltnne-an  Society— CuMoy^ie  of  the  Library.    New  edition,    Sro,    189& 
Index  to  the  Journal,  Zoology,  18.S8-90.    8to.     1896. 
Joomal,  Noe.  217, 163.    8vo.     1896. 
Tran8action^  Zoology.  Vol.  VI.  Parte  4-6.    4to.    1896. 

Botany,  Vol.  IV.  Parts  3,  4 :  Vol.  V.  Parte  2-4.    4te,    1896-86. 
London  County  Council  Technical  Education  Board — London  Technical  Edoes- 

tion  Gazette  for  July-Oot.  1896.    8vo.    1895. 
Madrai  Government  Muieum — Ailministration  Beport  for  1895-96.    Sva    189& 
Manchetter  Geological  £orte<y— Transactions,  Vol.  XXIV.  Part  9.    Sva    1896. 
Ma*»aehu$etti  Imtitute  of  Tecknology — Technology  Quarterly  and  Froceedingsef 

the  Society  of  Arts,  Vol.  IX.  iio.  3.    8vo.    1896. 
Slauachutett*  State  Board  of  fi«a//A— Twenty-sixth  Annual  ReporL    Stol   189S. 
Mechanical  Engineer*,  Inttitution  of — Proceedings,  1896,  No,  1.    8to. 
Meteorological  Soeitty,  Royal — Meteorological  Record,  No.  60.    Sro. 

Quarterly  Journal,  No.  99.    8vo.     189tj. 
Meux,  Lady — Some  Account  of  the  Collection  of  Egyptian  Antiquities  in  tbs 

posiiestiion  of  Lady  Meux,  of  Theobalds  Park.    By  El  A.  W.  Budge.    !nil 

edition.    4to.     18lt6.    (Printed  for  private  circulation.) 
Mexico,  Sofiedad  CHentifica,  "  Antwiio  Ahate  " — Memorias  y  Revista,  Tomo  VlIL 

No3.  6-8;  TomolX.  N08.7-IO.    8to.     1895-96. 
Micrcifcopieal  Soclely,  Royal — Journal,  1896,  Parts  3-5.    8to. 
Munich,  Royal  Bararinn  Academy  of  Sciences — Abhandlungen,  Band  XVIU. 

No.  3.    4to.     1896. 
Sitzungsberichle,  1896,  Heft  1,  2.    8yo. 
Musical  Association — Proceedinjrs,  Twcntv-secon-l  Session,  1895-96.    8toi   189S. 
Navy  League — Nuvy  League  Journal,  Juiy-Oct.  1806.    4to. 
New  South  Wales,  Agent-General  for — The  Wealth  and  Progreu  of  New  Boutli 

Wales.    By  T.  A.  Coghlan.    2  vols.    8to.     1805-96. 
New  South  Wales.    Edited  by  F.  Hutchinson.    8vo.     1896. 
New  York  Academy  of  Sciences — Auuols,  VoL  IX.  Nos.  1-3.    8to.    1896. 

Index,  VoL  VIII.    8to.     1896. 
Nova  Scolian  Institute  of  Science — Proceedings  and  Transactions,  VoL  IX.  Flit  1. 

8vo.    189«, 
Numitmatio  Sbefoty— Numismatic  Chronicle,  1896,  Part  2.    8vo. 
OdoHfologieal  Society  of  Great  £rtta(n— Transactions,  Vol.  XXVIII.  Not  8.   Bn. 

1896. 
List  of  Membens  1896-97.    8vo. 
Paris,  Societe  Frau^aise  de  Physique — Bulletin,  No.  83.    8vo.     1896. 

S6ince»,  1895,  Fhsc.  4;  18iMj,  Faso.  1.    8to. 
Pharmaceutical  Society  of  Great  Hrilain — .Journal  for  July-Oct.  1896.    Sra 
Philadelphia,  Acadimy  of  Natural  Sciences — Proceedings,  1896.  Part  I.    8»a 
Photographic  Society,  Royal — The  PLotogropliic  Journal  for  June-Sept  1896. 

8vo. 
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8m 
1.     8vo. 


1896. 


Thirleonth   Annual  Report, 


8vo. 


^ftieiil  BoeUty  of  /.oiuioit— Proceedings,  Vol.  XIV.  Parta  7-10.    8vo.    189C. 

»»o  ttf  Janeiro.  Ohtrrral^orio — Annuiirio  for  1896.     8vo.     1895. 

"OeJlwfcotwrf.  La  SoeiiUdesAmii  det  Scienect  et  Art* — Bulletin,  Tom«  V.  Nos.  5, 6. 

Sm     l895-£Hi. 
y'<tii<M  Aeadtmy  of  Seiene* — Proceedings.  Vol.  III.  Part  1.    8vo.     189G. 
*"*•,  Mimbtry  of  'PMia  Workt—Gioruaie  del  Genio  Civile,  189t>,  Foac.  4-5. 
_      Anil  Dwigni.    fol. 

T^pit  Coihgt  of  6»rrj«oiu  of  England — Calendar,  1896.    Svo. 
*»i«I  EnqUten,  Cora*  o/— Foreign  Translation  Series,  Vol.  I.  Paper  3.    8»o. 

\m. 

'^^^  SoeUtm  of  CanaHii — Proceedings  and  Transactioiig,  Second  8erie»,  Vol.  L 

.       8m.    1§95. 

•*«>>»l  SotMf  of  lyifiturjA— Proceedings,  Vol.  XXL  No.  1,  No,  2.    Sya     1895- 

n. 

*ri»n«ction«.  Vol.  XXVIIL  Porte  I,  2.    4to.     1896. 
*«»f«J  Soehtu  of  LfiKion— Philoaophicul  Tranwiclionii,  Vol.  OLXXXVII.  B, 
N0.IS7;  Vol.  CLXXXVIIL  A.  Nob.  178,  1.S0,  182.    4to.     1896. 
I>MM6<Uafta,  No.  a&»-atil.    8vo.     1806. 
^^■<hMi  /mlthilc^-JoiiTMl,  Vol.  XVII.  I'art  2.    8va    1896. 
W— III  A«My  ofSeUmiM,  Royat— 
B       HOtlcqitek-IIUUjruelie  CXat»&— 
■^_      B«rieiite,  1896,  Noa.  1-3.    8to.    189& 
■Aflame  Society— Nataro  Notes  for  Jnly-Oct.  1896. 
^Kttthty  of  AHtuiMria—Prooeedioga,  Vol.  XVI.  No. 
I^^Aitliioiogta,  a  8.  VoL  V.    4ta    1896. 

^■ttmi^wi  LuHtuHon — Bureau  of  Ethnology, 

IMl-SS.    4to.     1896. 
WiiB<i<|  of  Apothtearia  of  Lon<f/m— Calendar,  1896-97. 
Wbufifji  <yr  ArU—Joanui\  for  July-Oct.  IStnj.     Svo. 
fl^wWitfwl  Sctieiy,  Umjat—Jounml  Vol.  LIX.  Part  2.    8to.     1896. 
^U  Pftanharg,  Amdfmir  Imprruile  tUt  Seiencr* — MemoirvB.  8th  Scrips,  Tome  I. 

No.  »:  Tome  II.:  Tomi.  in.  Nus.  1-6;  Tome  IV.  No.  I.     4to.     1895-9*3. 
^Hrfm,  lioyat  Acadfmu  of  Srienee* — HnndliDjjar  (Mmolres),  Hand   XXVII. 

4to.     Bihiing,  Vol.  XXI.     Svo.     1895-96. 
TVaedUMf.  Prof.  P.  Hon.  Mem.  R.I.  (lite  Aulhcr) — Momorio  dells  Societk  deglt 

BpcttlTwoopiBti  Itjdinni.  Vnl.  XXV.  Dt.4p.  6-.0.     4to.     1896. 
^■vmaniii.  Royal  Sociely  nf — Puyiera  and  Pr-KSPcdings  for  1804-95.     Svo.     1896. 
^XHf*,  ProfiMor  T.  E.  LL.V.  F.RJi.  M.R.I.  {Ihe  Author)— llumplity  Davy,  Poet 

•nil  Pbikwopher.    8vo.     189G.     (Century  Science  iSeriea.) 
^wwrfe.  Umiunitjf  o/— Unireraity  of  Toronto  Quarterly,  Nor.  lS95-Juae,  1896. 
_       Sto. 

^■JU  StniM  InMUtdion,  iloyot— Journal  for  July-Oct.  1896.    8ro. 
C^ttfrf  Sla(«»  Departmonl  of  il|;riVu{(ur«— Nortti  Amarlcun  Fauna,  Noa.  10-12. 

19n.     I8B6. 
KspariaMt  Btutioa  Reonnl,  Vol.  Vll.  No.  »-ll.     8to.     1896. 
HrnMihr  tfc»tber   Iteview  for  JaD.-June,  1896,  and   Annual  Summary  for 
■nt— tn  ukI  Health,  \o\.  II.  No.  3.    8vo.     189C. 
"JifftMf  8taU*  Dejtartment  of  thr  Intertiir,  Cvnm*  Ofliee — Report  on  Manufacturing 
ladostliea  in  th-  I'.S.  at  the  Elevetitlk  GenBUii,  1890,  Parte  I,  2.    4to.    1895. 
BapartaaR<      '  Mortguges.    4to.     1895. 

Abatiaetofi  li  Ceriaua,  1890.    Svo.     1896. 

ataltt  J  ..,,..    !.:iJi«— Ollioi*!  Guaelte,  Vol.  LXXV.  Piirta  5-13;   Vol. 
IXXVL  PMt»  1-3.     8vo.     1896. 
IphikbeUMl  Liat,  VoL  LXXIII.    8to. 
iA  Slatm  Geological  Hurvty — Sixteenth  Annual  Report,  1894-95,  PDrts  2-4. 

PUIviit'    '  ■  '■   ,         ■■'•'■  "i      4to.     1895. 

IH.     Svo.     1895. 

1894-96.  I 
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Terein  lur  BefOrdening  de§  Geuierhfleiuti  in  PreuMwn— Verluuidliingni,  Ift^^ 

Heft  6-8.    4to. 
Vienna,  Geological  Iiuttilute,  Imptri'nl—'VeThiindhtfif.'OU,  1S96,  Xos.  G-9.    Stow 
Wright  &  Co.  Mentn.  J.  (the  Publiiherf)— The  Medifal  Annual  for  J  896. 
Yale  Univerrily  Ofiftrvulijry — Heport  for  18U5-96.     8vo. 
Zoological  Society  of  London — Proceedings,  1896,  Part  2,    8to.    189& 
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GENEEAL  MONTHLY   MEETING, 
Monday,  December  7,  1896. 

IE8  CnicHTON-BBOWNE,  M.D,  LL.D.  F.R.S.  Treasnrer  and 
Vice-Preaident,  in  the  Chair. 

The  Hon.  and  Bev.  William  Byron, 
Sir  Gervas  Powell  Glyn,  Bart. 
Alexander  Scott,  Esq.  M.A.  D.So. 
^In.  T.  B.  Soworby, 
Bev.  Samuel  A.  Thompson-Yates,  M.A. 

[embers  of  the  Boyal  Institation. 

*  Special  Tbanks  of  the  Members  were  returned  for  the 
Dg  Donation  to  the  Fund  for  the  Promotion  of  Experimental 
^1  at  Low  Temperatures  ; — 

The  Duke  of  Northumberland,  K.G.       ..      £200 

>  Special  Thanks  of  the  Members  were  returned  to  Colonel 
ge  Grove  for  a  Bust  of  his  father,  the  late  Sir  William  Grove, 
and  also  to  Professor  Dewar  for  a  Marble  Pedestal  fur  the 


^following  Lecture  arrangements  were  announced : — 

y  ChBUTMJUI  L»7TL-B2a. 

moB  SiLTAKrs  p.  Taoicpsoit,  D.So.  F.B.S.  M.Ii.J.  Sis  Lectures 
I  to  »  Juvenile  Auditory)  on  Light,  Visible  and  Lnviaible.  On 
mbuday),  Dec.  31, 1896:  Jan.  2.  5,  7,  9, 1897. 

EoH  Arocgrte  D.  Wallm,  MJ).  F.B.S.  Fullerian  Profeteor  of  Phy- 
B  J.  Twelve  Lectures  on  AjmuL  Electbicity.  On  Tueidayt,  Jan.  19, 
%.  d,  IC,  23,  March  2,  9, 16,  23,  30.  April  C. 

BMua  HssBT  A.  MiEBS,  H.A.  F.B-S.  Three  Leoture«  on  Soiui  SECKrre 
FAU.    On  Thartdayi,  Jan.  21,  28,  Feb.  4. 

GacooBT,  E«q.  D.6c.  F.G.B.  of  tLo  British  Museum  (Natnral  Hitstury). 
I  an  Tiu  PBOBUva  or  Aaono  Gsolooy.    On  Thvtndayt,  Feb.  II, 

I  PnOT  GABDinB,  Litt.D.  F.8.A.  Profestor  of  Classical  Arohnology 
in  the  UniverBity  of  Oxford.  Three  Lectures  on  Guises  IL«TonY  anv 
||OVrMK»t«.     Oin  Tkundaj/t,  March  4,  11,  18. 

MDK  W.  BoTO  Dawkiks,  M.A.  F.B.S.  F.S.A.  F.G.S.    Three  Lecture* 

K.AT10S  or  Gkilogt  to  Histobt.    1.  The  Incouiiug  of  Mao.    2.  The 

cf  Hictorjr  in  Britain.    3.  Bomau  Britain.    On  Thnrtdayz,  March  25, 

.   XV.     (No.  90.)  O 
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Oabl  Abxbbcstkb,  Eaq.  Three  LecturM  oa  NKOLEcrn}  Italian  i.in> 
Fbkhcs  Oomfoskbs  (irith  Hiuic&l  Illastrmtiona).  Oa  Saturda\ft,  Jan.  23,  30. 
Feb.  6. 

Waltsb  Fbkwxic  Lobo,  Eh.  Thrce  Loctarei  oa  Tax  Gbowth  op  tbx 
IkfEDITEKSAXEAX  RocTX  TO  THX  EAST.     On  Sotwdayt,  Feb.  13,  20,  27. 

The  Right  Hos.  Loed  Batlhoh,  JAJl.  D.C.L.  LL.D.  F.B.S.  M.Rl.  Pto- 
fesor  of  X&tural  Pbiloflopfay,  E.L  Six  Leotvree  on  ELEoraiciTT  Ain>  Eueotbscal 
ViBliATlOsa.    On  Suiurcfoy*.  March  6,  13,  20,  27,  April  3.  10. 

ThePBKSEMTS  received  ainoe  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Membere  retained  for  the  eame,  viz. : —  , 


Th«  French  Government — Dooomcnta  Ine'dits  eur  I'bUtoire  <le  Franoe.     CoupteB 

des  B&timentB  da  Iloi  sous  le  K-gne  de  Louis  XIV.  publiee  par  11.  J.  Gaim«7 

Tome  IV.  169&-1705.     8to.    19&Q. 

Aeeademia  dei  Lineei,  BmIa,  Roma — ClasBe  di  Bcienao  Piaiche,  Mutematiehe  t 

Natuali.    Atti,  Serie  Qointa :  Rendiconti.   2<  Semestro,  Vol.  V.    FucS-ftj 

Oluse  di  Soiense  Morali,  &e.    Serie  Quinta,  VoL  V.  Faac.  10.    Svo.     I89&.I 

Ameriean  Otographiedl  ^bneti/— Bulletin,  Vol.  XXVni.  No.  3.    8va     iSdti. 

JaiaHe  Soeidv  Boyal  {Bombay  fra nc/>>-^onrnal.  Vol.  XIX.  No,  52,    8vu.   189&1 

Aitmumieoi  SoeiHy,  Royal— ilouth\y  Xotieea,  Vol.  LVI.  No.  10.     8vo.     1896. 

BtMlMn,  JnttiUUe  o/— Journal,  Vol.  XVIL  Port  8.    8to.    1896. 

Biuuiallie  League — Papers  on  Bimetallisni,  &o.    8to.     1896. 

Bliis,  Profettor  (the  Author)— On  Vaccination.    Sto.     1896. 

Button  FubUc  ZrtT/rary— Monthly  Bulletin,  Vol.  I.  No.  9.    8to.     1896. 

BritiiHi  Architects,  Bvyal  Inttitate  of — Joomal,  3rd  Beriea,  VoJ.  TV.  Nou.  l-ij 

4to.     1896. 
BrUitli  Attronamical  AieocicUioh — Journal,  Vol.  VIL  No.  1.    Svtx    1896. 
Camera  C/««6— Journal  for  Nov.  1896.    8to. 
Canada,  Oeological  Surrey  o/— AQnuid  Report,  New  Series,  Vol.  VIL  1891.  StaJ 

And  Map^  to  Vol.  VIL    fol.     1896. 
Canadian  /luZttitte— TranaactioDs,  Vol.  V.  Part  I.  No.  9.    Svo.     1896. 
CatPiton,  Oeorge,  Etq.  (ths  Author)— The  Early  Chartered  Oompaoiea    8ro.  189& 
Ommieal  Indu$try,  Society  o/'— Journal,  Vol.  XV.  No.  10.    8to.     1896. 
CktmiMl  Socieiy—Jomuei  tot  Nov.  1896.     8to. 

Proceedings.  Nos.  1G9,  170.    8vo.     1896. 
Cracovie,  Aead^ie  de*  Sciences — Bulletin,  1896,  No  8.    8to. 
Z>(Ui,  <!^/«I«  de£or(ia— Bulletin,  1896,  2*  Trimeetre.    Svo. 
East  India  Atsocialion — Journal,  New  Series,  Vol.  XXVIIL  No,  7.     Svo    18S* 
Editors — Ameriean  Jouraal  of  Sisience  for  Nov.  1896.    Svo. 

Auaiyst  for  Not.  1896.    8ro. 

Atithoa/B  Photographic  Bulletin  for  Not.  1896.    8to. 

Agtrophyaical  Journal  for  Nov.  1896.    Svo. 

Athennnm  for  Nov.  1896.    4 to. 

Author  for  Dec.  1896.    8to. 

Bimetiilligt  for  Nov.  1896. 

Chemioal  Netri  for  Nov.  1896.    4to. 

Chemt«t  and  Druggist  for  Nov.  1896.    8td, 

Education  for  Nov.  1896. 

Electrical  Engineer  for  Nov.  1S96.    fol. 

Electrical  Engineering  for  Nov.  1896.    Sro. 

Eluctricol  Review  fur  Nov.  1896.    Svo. 

Blecttieity  for  Nov.  1896.    8vo. 

Engineer  for  Nov.  1896.    fol. 

Engineering  for  Nov.  1896.    fol. 

liomoiopatliio  Review  for  Nov.  1896.    8to. 

HorQlogicdl  Journal  for  Nov.-Dec.  1896.    Svo. 
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Induatriea  lutd  Iron  tnr  Nov.  1896.    fol. 
[nveutiou  for  Not.  1896. 
Jotinial  of  Pb}'«i(wl  CliemiBtijr  for  Nor.  1896. 
Law  Jounml  fur  Nuv.  189C.    8vo. 
Life-Boat  Joiinial  for  \ov.  18!l6.     8vo. 
Lightning  for  Nov.  1»9C.    6to. 

LondoB  Taelinicia  tMuoatioD  Gaz«tto  for  Not.  1896.    8to. 
inety  UArket  for  Nov.-Dec.  1806.    Svo. 
itans  for  Nor.  18iM>.     4tu 

'  Church  Magazine  for  Dec.  1896.    Svo. 
)  Cimealo  for  Sept.  1896.    Svo. 
knhic  New»  for  Not.  1896.     Svo. 
I  BflTiew  for  Nor  .-Dec.  1896.    8to. 
i  SifUnRB  for  Not.  1896. 
nauport  for  Nor.  1896.    foL 
TropkaJ  Agric^llurist  for  Nov.  1896. 
"  "it  for  Nov  isne.    4to. 

I'lhoratoriea — Joonial  of  the  Eaaex  Technical  Labora- 

■;.   Svo. 

■ i^aU  Cisnfwt— Bolletino,  Noa.  260-262.    Svo.     1896. 

lonrnal  for  Nov.  1896.     Svo. 
I;. .tint — (JengTuphical  Jouruul  for  Nov.  1696.    8to. 
riv  J.iumul.  No.  '208.    8vo.    1896. 
irchivLK,  8eri<*  II.  Vol.  V.  Part  2.    Svo.     1896. 
jh,   t-f'i-  M  Ifut.C.E.  M.RI.  (the  Author) — American  auJ  Kngliah 
of  Mauofucturing  Htcel  Flut^a.    Svo.     1896.     (Inijt.  Civil  £ug. 

lUoriMl  Society,  ATyoJ— TrBDnootions,  N.S.  Vol.  X.    Svo.     1896.  I 

Index  of  ArcbA.>ologieal  Papers  published  ia  1894.    Svo.    1896. 
iBepijrt  ou  a  Plioto^raphic  iiurvey  of  England  and  Waloa.    Svo.     1895. 
LPunuaorSchodulu  tor un  Etlinographioal  Survey  nfUnitud  liingdoui.  8to.  1895. 
1 1mUtmlf—ltufvrial  luntituto  Jouruul  for  Nov.  1896. 
I  JEmMh  CMi«r«iYy— Ainerioau  Chemical  Journal,  Vol.  XVIII.  No.  9.    8vd. 

,  Var$tliek  J(Monomki$ehe  ffM<UMAa/(— Frcusohrifton,  Noa.  32,  SS.    Svo. 

' 7— Pmcettdinga,  Nov.  1895  to  Jnne  1896.    Svo. 
.164,218.220-227.    8va     1896. 
I  r„JtMor  W.  C.  LL.D.  F.RS.  (Die  Author)— T\\o  Gatty  Murine 
.it"r_^  and  the  iiti-|>«  which  led  to  ita  fuimdntioD  in  the  University  of 
.  JUMlrvWB.    (With  bihliography  of  Murine  Zoology.)    8vo.     18'J6. 

Fne   Libniriei   CofflmHttee  —  Forty -fourth  Annual  Report,     Svo. 

•  Gtoloipral  .ivKrtety— Transactions,  VoL  XXIV.  Part  10.     Svo.     1896. 

'  Littrnry  ntul  Philnxmhieal  Society — Cotupleto  List  of  Mciubera,  &o. 

i  BfhUagnH'li        '     '     >J  M.S8.  vnlg.  and  of  Memoini,  &c.     Svo.     18*1*6. 

~  laadPrx  I.  XLI.  Part  I.    8vo.     1896. 

,>..i  .<....w  ..  .InMrnal,  No.  100.    Svo.     1896. 

\     ■:.     -v(..    1806. 

'    (   li:-'  I  alum  of — Beport  of  the  ProoeodingH  of  the 
r,i..  ■  ■  I.  ii..,iii  1  Niiw^.ii  11  (1895),  with  Map  of  English  Comils.    Svo. 

•ijo  .hmriiiil  for  Nov.  1896.    Svo. 
•iety  o/— Journal  and  I'rooeedings,  Vol.  XXIX.  (1895). 


I 


— NijiTilHiuatic  Chnmirle  and  Journal,  1896,  Part  3.    Svo. 
y  o/  Qreal  Britam — TiauBactiona,  YoL  XXIX.  No.  1.     Sto, 
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On»e»,  D.  H.  £1— CommiinicatioDii  from  the  LaKjijiatory  uf  PhfBei  at  the  Univcr- 

rity  of  LddeD,  Xm.  24,  26,  S^-Sl.     Stc.     1s96. 
Paru.  Sodfti  Franraite  de  Pki/titjue — Bulletin.  No.  86.    S*o.     1S96. 
Pharmwxmtieci  SocUtji  of  Great  Britain — Jounial  for  Vov.  1696.    8va 
Fhatogmpkie  Society,  £oy<i/— Pbotoerttphic  Journal  fur  Oct.-Nov.  1896.    8to. 
Pkyiail  SoeidyoJ  I«ii<loii— Prooeedin)^.  Vol.  XH'.  Put  11.    8to.    1896. 
AodUdboMrf,  La  SorUlf  lu  Ami*  dt*  S^ieaea  el  .Art*— Bolletin,  Tome  IrL 

N'oa.1,2.    8vo.    1896. 
Rtme,  .ViMiVry  of  FMie  irorb— Giomale  del  Genio  drile,  1896,  Faac.  6;  7. 

And  OerixTiL    foL 
BoytU  Society  of  London— Proceedingii,  No.  362.    8to.    1896. 

PhUoMphicAl  TnuuBctioiu.  Vol.  CLXXXVII.  A.  Nos.  183, 18i.    4tOL    1896. 
SeBtortm  Suciety — Nature  NotM  for  Nov.  1994.    8ro. 
Sheriff' Bain,  Mit$  TT.— Papem  by  Profe«Bor  Bickerton  on  a  New  Aatronmnie 

Theory.  4c. 
Society  of  Ar<«— Journal  for  Nov.  1S90.    ><t<>. 

.SI.  BarthUomevf»  ^o*pitaI— Statistical  Table«  for  1895.    8to.    1896. 
Vhittd  Service  Inaitution,  A>ya/— Journal,  No.  225.    8to.     1896. 
United  Statee  Dtpartment  of  Agriculture — Monthly  Weather  Renew  fiir  Jai^ 

and  August,  1896.    8ro. 
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pfi  work  of  Hertz  in  verifying  the  anticipations  of  Maxwell 
been  fullowed  in  tluB  conotry  by  many  important  investigations 
laetric  Waves.  The  Royal  Institution  witnessed  the  repetition  of 
) of  the  brilliant  experiments  of  Professors  Fitzgerald  and  Lodge. 
litBreat  in  the  subject,  and  inspiration  for  work,  are  to  a  great 
It  derived  from  the  memorable  addresses  delivered  in  this  hall, 
[  am  glad  to  have  an  opportunity  to  lay  beforo  you,  at  this  very 
place,  an  acconnt  of  some  work  I  have  been  able  to  carry  ont. 
R  the  subject  of  ether  waves  produced  by  periodic  electric  disturb- 
I  is  to  be  dealt  with  in  this  lecture,  a  few  models  exhibiting  the 
ifftiob  of  material  wavcfl  by  periodic  mechanical  disturbances  may 
tnterest.  A  pendolam  swings  backwards  and  fitrwards  at  regular 
nit  of  time ;  so  does  on  elastic  spring  when  bout  and  suddenly 
Kd.  These  periodiu  strokes  produce  waves  in  tlie  siurrounding 
im ;  the  aerial  waves  striking  the  oar  may,  under  certain  condi- 
I  modace  the  sensation  of  sound.  The  necessary  condition  for 
nliij  is,  that  the  frequency  of  vibration  should  lie  within  certain 
k 

M  tbe  air  is  invisible,  we  cannot  see  the  waves  that  are  produced, 
is  a  model  in  which  tlie  medium  is  thrown  into  visible  waves  by 
ction  of  perirxlic  disturbances.  The  beaded  siring  representing 
lediam  is  connected  at  its  lower  end  with  a  revolving  electric 
r.  The  rotation  of  the  motor  is  periodic ;  observe  how  the 
dio  ni4atir>n  throws  the  string  into  wave  forms ;  how  these  waves 
•Dscigy  from  the  source  to  a  distant  place;  huw  a  suitable  ro- 
r,ft  ImU  for  example,  is  made  to  respond.  I  now  produce  quicker 
isB  by  sending  a  stronger  current  through  the  motor ;  the 
MWj  or  pitch  is  raised,  and  the  waves  fornieil  are  seen  to  become 
V.  Bj  means  of  tbe  attached  counter,  the  different  freqnoticios 
•tormiaed. 

bra  is  m  second  model,  a  spiral  spring,  attached  to  which  is  a 
ttring.  As  tbe  string  is  pulled,  the  spring  is  strained  more  and 
I  till  Um  thread  suddenly  breaks.  The  spring,  suddenly  released, 
■  to  oscillate  up  and  down.  Electric  vibration  is  produced  in 
LV.  (No.  91.)  X 
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Fio.  I. — MiH-'hiinioal  Wnve  Ap|i'irati\8. 
(Tte  current  i^guUUng  tlie  iip«e(l  of  rotn- 
tioa  is  vnried  liy  hh  intcrputied  rlienstat. 
Tho  eounU^r  in  at  tlie  (op.) 


a  Boroewhat  aiinilar  way.     Tf 
two     luctallic,     spheres      ba 
strongly  charged  with    oppo- 
eito   uloctrificatioDs,    the    m^ 
diiim  is  electrically  strained, 
and  when  thi8  strain  is  sud- 
denly removed  by  a  discharge, 
waves   are    iiroduced    in    thi 
medium.     The    discharge 
uscillntory,  consisting  of  bac! 
ward  and   forward   rushes 
electricity ;  positive  electrioii 
tiowiug  now  in  one  direotii 
iiud  immediately  afterwards  i 
an  opposite  direction.     Thi 
rapid   alternate  flows,  givi 
rise  to  ether  vibration,  may 
illustrated  by  a  modi6catioD 
of  the  well-known  Cartesian 
diver  expertmont.     By  moms 
of  a  bulb  and  connecting  tnhc, 
alternate     compression     and 
rarefaction  may  bo  produced 
in  the  cylinder,  attended  wi 
alternate  rushes  of  air-currenl 
through  the  conuecting  tn 
These  give  rise  to  oscillation 
of  the  immersed  ball. 

By  oscillatory  electric  dis- 
charge, waves  are  produced  m 
the  ether.  To  produce  oscil' 
littory  discharge,  Hertz  ui 
jilates  or  rods  with  sparking 
bulla  at  the  ends.  He  found 
that  the  sparks  ce&sod  to  be 
oscillatory  as  soon  as  the  »ur- 
face  of  the  sparking  balls  got 
roughened ;  there  was  then  > 
leak  of  electricity,  and  no 
Budden  discharge,  llie  balls 
had  to  be  taken  out  every  now 
and  tlien  for  repolishing,  and 
the  proce<!'s  was  tedioos  in  the 
extreme.  Prof.  Lodge  nia<l* 
the  important  discovery  that  if 
two  side  balls  were  made  lo; 
spark  into  au  interposed  thi 
ball,  the  oscillatory  nature 
the  discharge  was  not  affect 
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to  so  groat  an  extent  b^  a  change  in  tlie  nature  of  the  aorface.  But  even 
hero  th«  disintegration  of  the  sparking  surface  produced  by  a  torrent 
of  iqtarks  aixin  puts  an  end  to  oscillation.  I  found  this  difficulty 
remoTe*!  to  a  great  eitcnt  by  makinp;  the  balls  of  platinum,  which 
resists  the  disintegrating  action.  I  also  found  tbat  it  was  not  at  all 
oeceBBory  to  baTo  a  series  of  useless  sparks,  wbicli  ultimately  spoils  the 
efficiency  of  tbc  radiator  and  makes  its  action  uncertain.  A  flash 
of  radiation  fur  an  ex[>erim3nt  is  obtained  from  a  single  spark,  and 
for  a  scries  of  experiments  one  does  not  require  more  than  tifty  or  a 
hundred  sparks,  which  do  not  in  any  way  affect  the  radiator.  As 
an  olootnc  generator  I  use  a  small  and  modified  form  of  BuhmkorfiTs 
omI,  aotnated  by  a  single  storage  cell.  A  spark  is  produced  by  a  short 
oontact  and  subsequent  break  of  a  tapping  key.  With  these  modi- 
fications one  of  the  most  tronblesoinc  sources  of  nncortainty  is 
removed.  The  coil  and  the  cell  ore  inclosed  in  a  small  dnuble- 
w^led  metallic  box,  with  a  tube  for  the  passage  of  tho  electric  beam. 
Tb«  magnetic  variation  due  to  the  make  and  break  of  the  primary 
of  tbe  KuhmkorfTs  coil,  disturbs  the  receiver.  This  difficulty  is 
mnoved  by  making  the  inner  box  of  soft  iron,  which  acts  as  a 
BMgn«<tic  screen. 

A  few  words  may  hero  bo  said  about  tho  necessary  conditions  to 
"he  kopi  in  view  in  making  an  electric  wave  apparatus  an  inslrument 
of  prrtcision.  If  one  merely  wishes  to  produce  response  in  a  receiver 
at  a  distance,  the  more  energetic  the  vibration  is,  the  more  likely 
it  ia  to  overcome  obstacles.  The  waves  may  vrilh  advantage  be  of 
Urge  sise,  as  they  possess  very  great  penetrative  power.  The 
su^Me  or  tbe  depth  of  the  sensitive  layer  in  tho  receiver  may  bo 
extended,  for  if  one  part  of  it  does  not  respond  another  part  will.  But 
for  experimental  investigations  the  conditions  to  be  fulfilled  are  quite 
diiferent.  Too  great  an  intensity  of  radiation  makes  it  almost  im{K>s- 
iible  to  prevent  the  disturbance  due  to  stray  radiation.  As  the  waves 
are  invisible,  it  is  difficult  to  know  through  what  unguarded  points  they 
are  escaping.  They  may  be  reflected  from  tho  walls  of  tliu  room  or 
tbfl  person  nf  the  exjierimenter,  and  falling  on  the  receiver  disturb  it. 
Tho  radiation  falling  on  any  portion  of  the  receiving  circuit— the 
1  '  wires  or  the  pilvanometer — disturbs  the  delicate  receiver. 
cmidy  difficult  to  shield  the  receiving  circuit  from  tbe  dis- 
g  action  of  stray  radiation.  These  diflicultits  weru,  however, 
^ulljr  rsntored  by  the  use  of  short  electric  waves.  With  these, 
it  IB  not  at  all  necessary  to  take  special  precautions  to  shield  either 
tlt0  ({alvanometer  or  the  leading  wires,  the  sensitive  layer  in  the 
ver  alone  being  affected  by  the  radiatirm.  The  bare  leading 
■  may  be  exposed  in  close  proximity  to  the  source  of  radiation, 
yet  no  disturbance  is  produced. 

J'or  ex{>erimental  investigations  it  is  also  necessary  to  have  a  narrow 

I  of  electric  radiation,  and  this  is  very  difficult  to  obtain,  unless 

of  very  short  lengtlt  are  used.     With  largo  woves  diverging 

all  directions  and  curling  round  corners,  all  attempt  at  accurate 

measurements  it  is  necessary  to  direct 
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the  electric  beam  in  tbe  given  direction  along  narrow  tubes,  asd 
receive  it  in  another  tnbe  in  which  is  placed  the  receiver.  The  waves 
experience  great  difficulty  in  passing  through  narrow  apeitores,  and 
there  are  o^er  tronbles  from  the  interference  of  direct  and  reflected 
waves.  These  difficulties  were  ultimately  overcome  by  making  snitaUe 
radiators  emitting  very  short  waves ;  the  three  radiators  here  ex- 
hibited, give  rise  to  waves  which  are  approximately  \  inch,  ^  inch 
and  1  inch  in  length.  The  intensity  of  emitted  radiation  ia  mode- 
rately strong,  and  this  is  an  advantage  in  many  cases.  It  Bometimes 
becomes  necessary  to  have  a  greater  intensity  without  the  attendant 
trouble  in6e[)arable  from  too  long  waves.  I  have  been  able  to  secure 
this  by  making  a  new  radiator,  where  the  oscillatory  dischai^  takes 
place  between  two  circular  plates  and  an  interposed  platinum  balL 
The  sparking  takes  place  at  right  angles  to  the  circular  plates.  The 
intensity  of  radiation  is  by  this  expedient  very  greatly  increased. 
The  parallel  pencil  of  electric  radiation,  used  in  many  of  the  experi- 
ments to  be  described  below,  is  only  about  half  an  inch  in  diameter. 
The  production  of  such  a  narrow  pencil  became  absolutely  neoessuy 
for  a  certain  class  of  investigations.  Merely  qualitative  results  fat 
reflection  or  refraction  may  no  doubt  be  obtained  with  gigaotk 
mirrors  or  prisms,  but  when  we  come  to  study  the  phenomena  of 
polarisation  as  exhibited  by  crystals,  Nature  imposes  a  limit,  and  thii 
limitation  of  the  size  of  the  crystals  has  to  be  accepted  in  condnoting 
any  investigation  on  their  polarising  properties. 

The  greatest  drawback,  however,  in  conducting  experimeatil 
investigations  with  electric  radiation  arises  from  the  diffioolty  of 
constructing  a  satisfactory  receiver  for  detecting  these  waves.  For 
this  pnrposo  I  at  first  used  the  original  form  of  coherer  made  of 
metallic  filings  as  devised  by  Professor  Lodge.  It  is  a  very  delioate 
detector  for  electric  radiation,  but  unfortunately  I  found  its  indioft- 
tions  often  to  be  extremely  capricious. 

The  conditions  for  a  satisfactory  receiver  are  the  following  :— 

(1)  Its  indications  should  always  bo  reliable. 

(2)  Its  sensitiveness  should  remain  fairly  uniform  during  ths 
experiment. 

(3)  The  sensibility  should  be  capable  of  variation,  to  suit  dififonnt 
experiments. 

(4)  The  receiver  should  be  of  small  size,  and  preferably  lisetr, 
to  enable  angular  measurements  to  bo  taken  with  accuracy. 

These  conditions  seemed  at  first  almost  impossible  to  be  attained. 
Tbe  coherer  sometimes  would  be  so  abnormally  sensitive  that  it 
would  react  without  any  apparent  cause.  At  other  times,  when 
acting  in  an  admirable  manner,  the  sensitiveness  would  suddenly 
disapi)ear  at  the  most  tantalising  moment.  It  was  a  most  dreai^ 
experience  when  the  radiator  and  the  receiver  failed  by  turns,  and  it 
was  impossible  to  find  out  which  was  really  at  fault. 

From  a  scries  of  experiments  carried  out  to  find  the  causes  whidi 
may  afTect  prejudicially  the  action  of  the  receiver,  I  was  led  to  sup- 


tn»  thtt  tho  nncertointy  in  the  response  of  the  receiver  is  prol»bly 
OOetoUie  following: — 

(1)  Some  of  the  parttoles  of  the  coherer  might  be  too  loosely 
^pplied  against  each  other,  whereas  others,  oa  the  contrary,  might  bo 
J*tamed  together,  preventing  proper  response. 

(2)  The  lues  of  sensibility  might  also  bo  dne  to  the  fatigue  pro- 
dooed  on  the  contact  surfaces  by  the  prolonged  action  of  radiation. 

(3)  Ab  tha  radiation  was  almost  entirely  absorbed  by  tbo  onter- 
■oit  uyer,  tho  inner  mass,  which  acted  as  a  short  ciroait,  was  not 
stMnary. 

For  these  reasons  I  modified  the  receiver  into  a  spiral-spring 
form.  Fine  metallic  wires  (generally  steel,  occasionally  others, 
OT  a  combination  of  different  metals)  were  wound  in  narrow  spirale 
tnd  laid  in  a  single  layer  on  a  groovo  cut  in  obonite,  so  that 
tlie  spirals  ooold  roll  on  a  smooth  sorfaco.  The  ridgos  of  the 
eiiDtijraoaR  spirals  made  numerous  and  well-dofined  contoote,  about 
nOBMUid  in  Qomber.  The  useless  conducting  mass  was  thus 
>W1^^^H^^|  ami  the  resistance  of  tho  receiving  circuit  almost  entirely 
4QDoeatrated  at  the  sensitive  contact  surface  exposed  to  nuliation.  If 
nj  cbange  of  resistance,  however  slight,  took  place  at  tho  seusitivo 
;|H«rR,  the  galvanometer  in  circuit  would  show  strong  indications. 
Tho  preflBore  ibronghoat  the  mass  was  made  uniform  as  each 
fjiring  transmitted  the  pressure  to  tho  next.  When  tho  contact 
c«  had  too  long  been  acted  on,  fresh  surfaces  could  easily  bo 
:ht  into  contact  by  the  simultaneous  rolling  of  all  tho  spirals. 
Tho  Honsibility  of  the  roooivcr  to  a  given  radiatian,  I  found, 
d«f)eods  (1)  un  the  pressure  to  whicli  tho  spirals  aro  suhjoctcd,  and 
(2)  un  tho  E.M.F.  acting  on  the  circuit.  The  pressure  on  tliu  spirals 
nay  be  adjusted,  as  will  be  described  later  on,  by  moans  of  a  fiiio 
•CTPW.  The  E.M.F.  is  varioii  by  a  potentiometor-slido  arrangcraout. 
Tliit  is  a  matter  of  great  imixirtauco,  as  I  often  found  a  receiver, 
tdMrwiM  in  good  condition,  failing  to  respond  when  the  E.M.F. 
^wicd  slightly  from  tho  proper  value.  Tho  recciv&r,  when  subjected 
lo  nuliation,  nndorgoos  exhaustion.  The  sensibility  can,  however, 
be  maintained  fairly  uuiform  by  slightly  varying  tbo  E.M.F.  to  keep 
pMwitli  the  fatigue  pro<luced. 

Thn  receiving  circuit  thus  consists  of  a  spiral-spring  coherer, 
•^  tttioM  with  a  voltaic  cell  and  a  dead-beat  galvanometer.  The 
"•aiiver  iit  made  by  cutting  a  narrow  groovo  in  a  rectangular  piece 
i'  •tmuitc,  and  filling  the  groove  with  bits  of  coiled  spirals  arranged 
•M*  by  irida  in  a  single  layer.  Tho  spirals  are  prevented  from  falling 
'f  t  i;laMi  elide  in  front  They  arc  placed  between  two  {Hot-es 
"fliniB,  of  which  the  npiK-r  ono  is  sliding  and  the  lower  one  (ixod. 
^^h«M  two  pieces  are  in  c<.uincctiou  with  two  pn>jccting  metallic  rods, 
•kieh  Mrve  as  electrodes.  An  electric  current  enters  along  the 
Iwadlh  of  the  top  spiral  and  leaves  by  the  lowest  sijinil,  liuviug 
W  tmveno  the  intormediato  snirals  along  tho  uumcroiis  jiuiLits  uf 
^h«L     When'  electric  radiation  is  iib.i  >rlxd  by  the  Kcusilivc  sur- 
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face,  thoro  is  b  siulden  dirainution  of  the  resistance,  and  the  galvancv 
meter  spot  is  violently  deflected. 

By  moans  of  a  very  fine  screw  the  upper  sliding  piece  can  be 
gently  pushed  in  or  out.  In  this  way  the  spirals  may  be  rery 
gradually  compressed,  and  the  ronistance  of  the  receiver  diminished. 
The  galvanometer  ppot  can  thus  easily  be  brought  to  any  conveniei 
position  on  the  scale.  When  electric  radiation  falls  on  the  sensiti 
surface  the  spot  is  deflected.  By  a  slight  unscrewing  the  rcsistan 
is  incrensed,  and  the  spot  made  to  return  to  its  old  position.  T 
receiver  is  thus  ro-Bensitised  for  the  next  experiment. 

The  receiver  thus  constructed  is  perfectly  reliable  ;  the  sensibility 
can  be  widely  varied  to  suit  diiferont  experiments,  and  this  seuKibility 
maintained  fairly  uniform.  When  necessary,  the  sensitiveness  cau 
be  exalted  to  abuost  any  extent,  and  it  is  thus  possible  to  carry  ont 
some  of  the  most  delicate  experiments  (specially  on  polarisation)  nith 
certainty. 

The  main  difficulties  being  thns  removed,  I  attempted  to  constrnct 
a  complete  electric  wave  apparatus,  which  would  bo  portable,  with 
which  all  the  experiments  on  electric  radiation  could  be  carried  out 
with  almost  as  great  an  ease  and  certainty  as  corresponding  expori 
ments  on  light,  and  which  would  enable  one  to  obtain  even  quautitt- 
tive  res  111  ts  with  fair  accuracy. 

The  complete  apparatus  is  here  exhibited  ;  all  its  different  paita^ 
including  the  galTunometer,  and  all  the  accessories  for  refloctioni 
refraction,  polarisation,  and  other  experiments,  are  contained  in  • 
small  case  only  2  feet  in  length,  1  foot  in  height  and  1  foot  io 
breadth.  The  apparatus  can  be  set  up  in  a  few  minutes,  the  varioM 
adjuatmonts  requiring  only  a  short  time. 

The  ratliating  apparatus  is  6  by  5  by  3  inches,  the  size  of  » 
small  lantern.  It  contains  the  coil  and  a  small  storage  cell ;  tbc 
radiator  tube  is  closed  with  a  thin  plate  of  ebonite  to  provent  deposit 
of  dust  on  the  radiator.  Ono  charge  of  the  cell  stores  euougb 
energy  for  experiments  to  be  caiTied  out  for  nearly  a  month.  It  w 
always  ready  for  use  and  requires  very  little  attention.  A  flash  o» 
radiation  for  an  experiment  is  produced  by  a  single  tap  and  breW 
of  the  interrupting  key. 

The  roiliating  apparatus  and  the  receiver  are  mounted  on  8t«na» 
eli<ling  in  an  optical  bench.  Esperiinents  are  carried  out  with  di^ef* 
gent  or  parallel  beams  of  electric  radiation.  To  obtain  a  par«U^ 
beam,  a  lens  of  sulphur  or  gloss  is  mounted  in  a  tube.  SuitnW* 
lenses  can  bo  constructed  from  the  accurate  determination,  whid* 
I  have  been  able  to  make,  of  the  indices  of  refraction  of  vanot^ 
substances  for  the  electric  ray,  by  a  method  which  will  be  described 
later  on.  This  lens-tnbo  fits  on  the  radiator-tub&,  and  is  stopl*" 
by  a  guide  when  the  oscillatory  spark  ia  at  the  principal  focus  of  1"* 
lens.  The  radiator-tube  is  further  provided  with  a  series  of  dif 
phragms  by  which  the  amount  of  radiation  may  be  varied. 

For  experiments  requiring  angular  measurement,  a  speotrometcf 
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{cinlfl  is  moanted  om  one  of  the  sliding  Btands.  TLe  speotrumoter 
ourk*  »  circular  platform,  on  which  the  varions  reflectors,  refractors, 

1 4c,  an?  placed.  The  plutforra  carries  an  iudex,  and  can  Mtiite  inde- 
iKodtutly  of  the  circle  on  which  it  ia  mounted.  Tho  receiver  is 
c*rrie<l  on  »  nvlial  arm  (provided  with  an  index),  ami  points  to  tho 

Ifiwitn  of  the  circle.     An  observing  teleMsnpe  may  also  he  used  with 
ft  glut  objective^  and  a  linear  rocoiver  at  the  focus. 

1 8h»ll  now  exhibit  eome  of  the  principal  expirimcnts  on  electric 
tion. 


:. — Arruni^c'uient  of  tbo  Apparaliu.     Oiie-sixtb  na(.  hizl-. 

I tidiator ;  T,  tappios!  key ;  S,  Hp«iotrom(;ter-oirelu;  M,  plane  mirror; 
C.oylimJrioHl  mirror ;  p,  totally  rctii^cting  priflm;  P.  Bemi-<^ylinder»; 
K,('tyst8l-boMer;  F,  collecting  fnniiel  oliai-lied  to  thu  .-ipiml  spring 
tecejv«-r ;  1,  tansjenl  tcrew,  by  which  the  receiver  is  rotutud;  V,  vol- 
loell:  r,  circular  rbeoatat ;  6,  galvanometer. 

Selective  Abiorjttion. 

ige  the  nuliation  apparatus  bo  that  a  parallel  beam  of  eleo- 

^  rwliaticjn  proct^^ding  from  tho  lantern  falls  ou  the  receiver  placed 

itto;  tho  receiver  rosjKjnds  energetically,  tho  light-spot  from  the 

>i*llxiBMicr  being  swept  violently  across  the  screen.     1  now  inter- 

>  Tarint)«  Kubstuucvs  to  find  out  which  of  them  allow  thu  radiation 

ptM  through  ami  which  do  not.     A  piuco  of  brick,  or  a  block  of 

*^h,  u  lbuf<  hccu  to  be  qnite  transj^ront,  whisroas  a  thick  stratum 

Tvtier  in  aluont  opaque.     A  substance  is  said  to  l>o  coloured  when 

»a  light  of  one  kind  to  paes  through,  but  absorbs  light  of  a 

It  kiml.     A  block  of  pitch  is  opaque  to  viiiiblo  light,  but  trans- 

Atlodootnc  radiation;  whereas  water,  which  is  transpureut  to 

I  opaqoo  to  electric  radiation.    These  substaucos  exhibit  selec- 

ApiioD,  and  art'  therefore  coloured. 
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There  is  an  interesting  speculation  in  reference  to  the  possibility 
of  the  Ban  emitting  electric  radiation.  No  saub  radiation  has  yet 
been  detected  in  sunlight.  It  may  be  that  the  electric  rays  are  ab- 
sorbed by  the  solar  or  the  terrestrial  atmosphere.  As  regards  the 
latter  supposition,  the  experiment  which  I  am  able  to  exhibit  on  the 
transparoncy  of  liquid  air  may  be  of  interest.  Professor  Dewar  has 
kindly  lent  me  this  large  bulb  full  of  liquid  air,  which  is  equiTaleut 
to  a  great  thickness  of  ordinary  air.  This  thick  stratum  allows  the 
radiation  to  pass  through  with  the  greatest  facility,  proving  the  high 
transparency  of  the  liquid  air. 


4 


Verification  of  the  Laws  of  Reflection. 

A  small  plane  metallic  mirror  is  mounted  on  tbo  platform  of  the 
spectrometer- circle.  The  receiver  is  mounted  on  a  Rulial  arm.  The 
law  of  reflection  is  easily  verified  in  the  usual  way.  The  second 
mirror,  which  is  curved,  forms  an  invisible  imago  of  the  source  of 
radiation.  As  I  slowly  rotate  the  cylindrical  mirror,  the  invisible 
image  moves  tlirough  s|)ace  ;  now  it  falls  on  the  receiver,  and  ther» 
is  a  strong  response  produced  in  the  receiver. 

Refradion, 

Deviation  of  the  electric  ray  by  a  prism  may  bo  shown  by  a  prism 
made  of  siiIpLur  or  obonito.  More  interesting  is  the  phenomenon  of 
total  reflection.  A  pair  of  totally-reflecting  prisms  may  be  obtained 
by  cutting  a  cube  of  glass,  which  may  bo  an  ordinary  paper-weight, 
across  a  diagonal.  The  critical  angle  of  a  specimen  of  glass  I  found 
to  be  29',  and  a  right-angled  isosceles  prism  of  this  material  produces 
total  reflection  in  a  very  efficient  manner.  When  the  receiver  is 
placed  opposite  tbo  radiator,  and  the  prism  interjiosed  with  one  of  its 
faces  perpendicular  to  the  electric  beam,  there  is  not  the  slightefit 
action  on  the  receiver.  On  turning  the  receiver  through  90°,  the  re- 
ceiver responds  to  the  totally-reflected  ray. 

Opacity  duo  to  multiple  refraction  and  reflection,  analogous  to  the 
opacity  of  j>owdered  gloss  to  light,  is  showQ  by  filling  a  long  trough 
with  irregularly-shaped  pitcos  of  pitch,  and  interposing  it  between 
the  radiator  and  the  receiver.  The  electric  ray  is  unable  to  potf 
through  the  heterogeneous  media,  owing  to  the  multiplicity  of  re- 
fractions and  reflections,  and  the  receiver  ronaoins  unatfected.  But 
on  restoring  partial  liomogeneity  by  pouring  in  kerosene,  which  h»8 
about  tbo  same  refractive  index  as  pitch,  the  radiation  is  easily 
transmitted. 

Determination  of  the  Index  of  Refraction. 

Accurate  determination  of  the  indices  of  refraction  becomes  im- 
portant when  lonscs  have  to  be  constructed  for  rendering  the  electric 
beam  paralltd.   The  index  for  electric  radiation  is  often  very  different 
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the  optical  index,  aod  the  focal  distance  of  a  glass  lona  for  light 
!  no  clae  to  it«  focal  dietance  for  electric  radiation.     I  found,  for 
,  the  index  of  refraction  of  a  speoimen  of  glaaa  to  be  2-04, 
the  index  of  the  same  specimen  for  sodium  light  is  only 

There  are  again  many  substances,  like  the  various  rocks,  \vood, 
-tar,  and  others,  whose  indices  cannot  be  determined  owing  to 
opacity  to  light.  These  substances  are,  however,  trnusparent 
io  radiation,  and  it  is  theroforo  possible  to  dotormine  thoir 
indioe«.  For  the  dotermination  of  the  index,  the  prism- 
liod  is  not  very  suitable.  I  found  the  following  method,  of  which 
11  exhibit  the  optical  counterpart,  to  yield  good  results.  When 
;  passes  from  a  dense  to  a  light  medium,  then,  at  a  certain  critical 
the  light  is  totally  reflected,  and  from  the  critical  angle  the 
E  can  be  determined.  I  have  here  a  cylittdrical  trough  filled 
water.  Two  glass  plates  inclosing  a  parallel  air-film  are  bus- 
vertically  across  the  diameter  of  the  cylinder,  dividing  the 
into  two  halves.      The  cylinder,  mounted  on  a  graduated 


Fio.  a 

(The  dotted  lines  show  the  two  positione  of  the  Bir-fllm  for  total  reflection.) 

tuclt,  ia  adjusted  in  front  of  an  illnminated  slit,  an  image  of  the  slit 
Iwiog  CMt  by  the  water-cylinder  on  the  screen.  The  divergent  beam 
I'Oiathe  slit,  rendered  nearly  parallel  by  the  first  half  of  the  cylinder, 
>•  incident  on  the  air-film,  and  is  then  focussed  by  the  second  half  of 
'i*  cylinder.  As  the  cylinder  is  slowly  rotated,  the  angle  of  incidence 
■i  thin  air-film  is  gradually  increased,  but  the  image  on  the  ecreeu 
"iBMiiui  fixed.  On  continuing  the  rotation  you  ol»erve  the  almost 
^Hm  axtioction  of  the  image.  I  say  almost,  because  the  light  is  not 
^tuehmnatic,  and  the  different  components  of  white  light  undergo 
'^  reflcctiuQ  in  succession.  Just  before  total  extinction  the  image 
7^  observe  ia  rtxidish  in  colour,  the  violet  and  the  blue  lights  being 
*Wdy  reflected.  On  continuing  the  rotation  the  image  is  completely 
iSiiigniabed.  Hotatioii  of  the  cylinder  in  an  opposite  direction  gives 
■MImt  reading  for  total  reflection,  and  the  dilTurcnce  of  the  two 
'Wdiogt  ia  evidently  equal  to  twice  the  critical  angle. 

In  a  similar  way  I  have  been  able  to  determine  the  indices  of  ro- 
bietioo  of  varinaa  snbstances,  both  solid  and  liquid,  for  electric 
."^iitwt      In  tho  oaae  of  eolidei,  two  sviui-cyliudcrg,  separated  by  rv 
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saitable  parallel  air-spaoe,  are  placed  on  the  spcctrometor-oirole,  the 
reoeivor  being  placed  opposite  the  radiator.  The  trouble  of  foUowing 
the  deviated  ray  is  thus  obviated.  The  index  of  refraction  of  glaas  I 
foond  to  be  2*01 ;  that  of  commercial  solphnr  is  1*73. 

DouhU  Befraction  and  PolariMtion. 

I  now  proceed  to  demonstrate  some'  of  the  principal  phenomena 
of  polariflation,  espeoiallj  in  reference  to  the  polarisation  prodnoed 
by  crystals  and  other  substances,  and  by  dielectrics  when  aabjected 
to  molecular  stress  due  to  pressure  or  unequal  heating. 

As  the  wave-length  of  electric  radiation  is  many  thousand  times 
the  wave-length  of  light, ^there  is  a  misgiving  as  to  whether  it  wonld 


Fig.  4. — Polarigation  Apparatus. 

K,  crystal-holder ;  8,  a  piece  of  Btratiflc<i  rock ;  C,  a  crystal ;  J,  jata 
polariser ;  W,  wire-grating  polariser ;  D,  vertical  graduated  disc,  by 
which  the  rotation  in  nieosuri'd. 

be  possible  to  exhibit  polarisation  effects  with  crystals  of  ordin>7 
size.  I  hope  to  be  able  to  demonstrate  that  such  a  misgiving  ii 
groundless. 

A  beam  of  ordinary  light  incident  on  a  crystal  of  Iceland  sptf  i* 
generally  bifurcated  after  transmission,  and  the  two  emergent  bewni 
are  found  polarised  in  planes  at  right  angles  to  each  other.  Th* 
usual  optical  method  of  detecting  the  bi-refringent  action  of  orystali 
is  to  interpose  it  between  the  crossed  polariser  and  analyser.  Tka 
interposition  of  the  crystal  generally  brightens  the  dark  field.  Tbil 
is  the  so-called  depolarisation  effect,  and  is  a  delicate  test  for  doable* 
refracting  substances.     There  is,  however,  no  depolarisation  when  tbe 
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principal  plane  of  the  crystal  coincides  with  the  polarisation  planes  of 
«ttbor  the  polariser  or  the  analyser.  The  field  also  remains  dark  when 
the  optic  axis  of  the  crystal  is  parallel  to  the  incident  ray. 

A  similar  method  is  adopted  for  experimenting  with  polarised 
electric  radiation. 

The  sj^>ectromcter-circle  is  removed  from  the  optical  bench,  and 
an  ordinary  stiuid  for  mounting  the  receiver  substitntcd.  By  fitting 
the  lens-tabo,  tlie  electric  beam  is  made  parallel.  At  the  end  of  the 
tabe  may  bo  fixed  either  the  grating  polariser  or  the  jute  or  serpen- 
tine polarisers,  to  be  subsetpently  described^ 

The  receiver  fitted  with  the  analyser  is  adjusted  by  a  tangent 
screw,  the  rotation  of  the  analyser  being  measured  by  means  of  an 
index  and  a  graduated  vertical  disc. 

The  polarising  gratings  may  be  made,  according  to  Hertz,  by 
winding  copper  wires,  parallel,  round  square  frames.  The  polan- 
aatioD  apparatus  is,  however,  so  extremely  delicate,  that  unless 
all  the  wires  are  strictly  parallel,  and  the  gratings  exactly  crossed, 
there  is  always  a  resolved  compouout  of  radiation  which  acta  on  the 
•ansitive  receiver.  It  is  a  very  difficult  and  tedious  oi>eration  to 
oross  tbe  gratings.  I  have  found  it  to  be  a  better  plan  to  take  two 
thick  square  plates  of  copper  of  the  same  size,  and,  placing  one  over 
tbe  other,  out  a  series  of  slits  (which  stop  short  of  the  edges)  parallel 
to  onA  of  the  edges.  One  of  these  square  pieces  serves  as  a  polariser, 
ind  tho  other  as  an  analyser.  When  the  two  square  pieces  are  ad- 
justed, face  to  fac«,  with  coincident  edges,  the  grntlngs  must  either  be 
parallel  or  exactly  crossed.  Such  accurate  adjustments  make  it  pos- 
lible  to  carry  out  some  of  the  most  delicate  experiments. 

Tbe  radiator-tube,  with  tho  Ions  and  the  attached  polariser,  is 
capable  of  rotation.  The  emergent  beam  may  thus  be  polorise^l  in  a 
vertical  or  a  horizontal  plane.  The  analyser  fitted  on  to  tlie  receiver 
may  also  be  rotated.  Tho  gratings  may  thus  be  adjusted  in  two 
positions. 

^1)  Parallel  position. 
L  (2)  Grossed  position. 

In  the  first  position  the  radiation  is  transmitted  through  both  the 
gratings,  falls  on  the  sensitive  surface,  and  the  galvanometer  responds. 
The  field  is  tlicn  said  to  bo  bright.  In  the  second  position  the  radia- 
tion is  extinguished  by  the  crossed  gratings,  the  gulvanouieter  re- 
laaios  uoaCE»cted,  and  Uie  field  is  said  to  bo  d!ark.  But  in  iut«rposing 
%  donble-relncting  substance  in  certain  positions  between  the  crossea 
gTAtings,  the  field  is  partially  restored,  and  the  galvanometer-spot 
•weeps  soross  the  scale. 

I  have  now  the  analyser  and  the  polariser  exactly  crossed,  and 
Umto  is  not  the  slightest  action  on  the  receiver.     Observe  the  great 
iveoess  of  tbe  arrangement ;  I  turn  tho  polariser  very  slightly 
|^«Mo    the  crossed  position,  uud  tbe  galvanomotcr-spot    is  violently 
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I  now  readjost  the  gratings  in  a  crossed  poeitioa.  I  have  in  xaj 
hand  a  large  block  of  the  crystal  beryl ;  it  is  perfectly  opaque  to 
light.  I  DOW  hold  the  crystal  with  its  principal  plane  inclined  at 
45'^  between  the  crossed  gratings,  and  the  galvanometer-spot,  hitherto 
qniescent,  sweeps  across  the  scale.  It  is  very  cnrions  to  observe  the 
restoration  of  the  extingulBhed  field  of  electric  radiation,  itself  in- 
yiflible,  by  the  interposition  of  what  appears  to  the  eye  to  be  a  per- 
fectly opaque  block  of  crystal.  If  the  crystal  is  slowly  rotated,  there 
is  no  action  on  the  receiver  when  the  principal  plane  of  the  crystal 
is  parallel  to  either  the  polariser  or  the  analyser.  Thus,  during  one 
complete  rotation  there  are  four  positions  of  the  crystal  when  no 
depnlarisatiou  effect  is  ])rodueed. 

Rotation  of  the  crystal,  when  held  with  its  optic  axis  parallel  to 
the  incident  ray,  produces  no  action.     The  field  remains  dark. 

Here  is  another  largo  crystal,  idocruse,  belonging  to  the  ortho- 
rhombic  system,  which  shows  the   same   action.     It  is   not  at  all 
necessary  to  have  large  crystals ;  a  piece  of  calc-spar,  taken  oat  of  aa^B 
optical  instrument,  Avill  polarise  the  electric  ray.     But  the  effect  pr<>*^| 
duced  by  the  crystal   opidot©  seems  extraordinary.     I  have  hero  a^ 
piece  with  a  thickness  of  only  '7  cm. — a  fractiou  of  the  wave-length 
of  the  electric  radiation— and  yet  observe  how  strong  is  its  deiwlam- 
ing  effect. 

1  subjoin  a  representative  list  of  crystals  belonging  to  the  differeut 
systems,  which  would  be  funtid  to  produce  double  refraction  of  thfl 
electric  ray. 

Tetragonal  System. — Idocraso,  scapolite. 

Orlhorhomblc  Syttem. — Barytes,  celostino,  cryolite,  andaltisite, 
hypersthene. 

Hexaijonal  System. — Calcite,  apatite,  quartz,  beryl,  tourmaline. 

Moiioclinic  Sytitem. — Selenito,  orthoclase,  cpiduto. 

Triclinic  Synlem. — Labradorite,  microclino,  amblygonito. 

Double  Befraction  produced  by  a  Strained  Dielectric 

Effect  due  to  PrcKsure. — A  piece  of  glass,  when  strongly  com- 
pressed, becomes  double  refracting  for  light.  An  aualogons  experi- 
ment may  be  shown  with  electric  radiation.  Instead  of  producing 
pressure  artificially,  it  seemed  to  me  that  stratified  rooks,  which,  from 
the  nature  of  their  formation,  were  subjected  to  great  pressure,  would 
serve  well  for  my  experiment.  Here  is  a  piece  of  slate  about  an  inch 
in  thickucss.  I  interpose  this  piece  with  the  plane  of  stratificatioa 
inclined  at  45",  and  the  spot  of  light  flies  off  the  scale.  I  now  ciir»- 
fully  rotate  tlio  piece  of  slnto ;  there  is  no  dt-pitlarisation  effect  whei 
the  plane  of  stratification  is  parallel  to  eillior  the  prdariser  or  tli« 
analyser.  Thus  the  existence  of  stnua  ineido  an  opaque  mass  can 
easily  bo  detected,  and  what  is  more,  the  directions  of  maximum  and 
minimum  pressures  can  bo  determined  with  great  exactitude. 

Effect  due  to  Strains  in  Cooling, — An  effect  similar  to  that  pro*| 
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iced  by  nnannealed  glass  va&j  bo  shown  bj  this  piece  of  solid 
Itfaffia,  wbicb  was  cast  in  a  motdd,  and  chilled  unequally  by  a  freez- 
ip  tnixtnro.  One  of  thes«  blocks  was  cast  two  years  ago,  and  it  has 
till  retained  its  unannealed  property.  This  effect  may  cvon  be 
town  witliout  any  special  preparation.  Pieces  of  glass  or  ebonite, 
^  are  ofton  funnd  sofScicntly  strained  to  exhibit  double  refraction. 

Phenomena  of  Double  Abtorplion. 

feIlg  desiTOUB  of  making  a  cr3r6tal  polariser,  I  naturally  turned 
lualine,  but  was  disappointed  to  find  it  utterly  unsuitable  as 
riser.      There  is   a   difference   in  transparency  in  directions 
Rnllel  and  perpendicular  to  the  length,  but  even  a  considerable 
lickneM  of  the  crystal  does  not  completely  absorb  one  of  the  two 
j».     Because  visible  light  is  polarised  by  absorption  by  tonrma- 
ise,  it  docs  not  follow  that  all  kinds  of  radiation  would   be  so 
wUrised.     The  failure  of  tourmaline  to  polarise  the  Houtgen  rays 
therefore  not  unexpected,  supposing  such  rays  to  be  capable  of 
iol»riaation. 

It  woa  »  long  time  before  I  could  discover  crystals  which  acted 
eleotrio  tourmalines.     In  the  meanwhile  I  found   many  natural 
bbstaneM  which  produced   polarisation  by  selective  uniLateral  ab- 
Drption.     For  example,  I  found  locks  of  human  hair  to  polarise  the 
lectrio  r»y.      I  have  here  two  bundles  of  hair;    I  interpose   one 
45",   and   yon  observe   the   depolarisation   effect.      The    darker 
|>eeimep  leems  to  be  the  more  efficient.    Turning  to  other  substances 
ttMij  accessible,  I  found  vegctablo  fibres  to  be  good  polarisers, 
tbeso  may  be  mentioned  tlie  fibres  of  aloes  (A'javc),  rhca 
i«na  nicea),  pine-apple  (A-nanan  natitnui),  plautaiu  ( Musa  para- 
y.     Common  jute  {Corcfu-irus  capgularU)  exhibits  the  property 
polftiiaation  in  a  very  marked  degree.    I  cut  fibres  of  thin  material 
Qt  8  om.  in  length,  and  built  with  them  a  cell  with  all  the  fibres 
rallel.     I  6abjecte<l  this  cell  to  a  strong  pressure  under  a  press, 
obtained  a  compact  cell  3  cm.  by  3  cm.  in  area,  and  5  cm.  in 
This  was  mounted  in  a  metallic  case,  with  two  openings 
by  2  cm.  on  opposite  sides  for  the  passage  of  radiation.     This 
II  abftorbs  vibrations  parallel  to  the  length  ot  the  fibres,  and  trans- 
its those  perpendicular  to  the  length.     Two  such  cells  could  thus 
oaad,  one  as  a  polariser  and  the  other  as  an  analyser. 
Turning  to  crystals,  I  found  a  large  number  of  them  exhibiting 
;lcotivo  absorption  in  one  direction.     Of  these  ncmolito  and  cryso- 
lo  exhibit  this  property  to  a  remarkable  extent.     Nemalite  is  a 
bioos  variety  of  brucite ;  crysotilo  being  a  variety  of  serpentine. 
lirt«tinn  of  absorption  in  these  cases  is  parallel  to  the  length, 
ctioD  of  transmission  bcdng  perpendicular  to  the  length.     I 
lero  ft  piece  of  crysotile,  only  one  inch  in  thickness.     I  adjust 
ilarisor  and  the  analyser  parallel,  and  interpose  the  crysotile 
its  length  iiarallel  to  the  eleotrio  vibration.     Ton  observe  that 
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the  ndiation  is  completely  absorbed,  none  being  transmitted.  I  now 
hold  the  piece  witL  its  length  perpendicnlar  to  the  electric  Tibration ; 
the  radiation  is  now  copiooelj  transmitted.  Crjsotile  is  tbos  aem 
to  act  as  a  perfect  electric  tourmaline. 

Anitotropie  Ccndudinttf  exktbited  by  certain  Polarinng  StAtiaHea. 

In  a  polarising  grating,  the  electric  Tibrations  perpendicnlar  to 
the  bars  of  the  grating  arc  alone  trannnitted,  the  vibrations  parallel 
to  tlie  grating  being  absorbed  or  reflected.  In  a  grating  we  have  a 
Btmctiire  which  is  not  isotropic,  for  the  electric  condactirity  parallel 
to  the  bars  is  very  great,  whereas  the  condnctiyity  across  the  ban 
(owing  to  the  interrnptions  due  to  spaces)  is  almost  nothing.  We 
may,  therefore,  expect  electric  vibrations  parallel  to  the  bars  to  pro- 
duce local  induction  currents,  which  would  ultimately  be  dissipated 
as  heat.  There  would  thus  be  no  transmission  of  vibrations  parallel 
to  the  grating,  all  such  vibrations  being  absorbed.  But  owing  to  the 
break  of  metallic  continuity,  no  induction  current  can  take  pUoe 
across  the  grating;  the  vibrations  in  this  direction  are,  therafc 
transmitted.  From  these  considerations  we  see  how  non-pol) 
vibrations  falling  on  a  grating  would  have  the  vibration  componentt' 
parallel  to  the  direction  of  maximum  conductivity  absorbed,  and 
in  the  dirtction  of  least  conductivity  transmitted  in  a  polarised  coo 
dition. 

I  have  shown  that  nemalito  and  crysotile  polarise  by  seleetiva 
abnorption,  the  vibration  perpendicular  to  their  length  being  tivu- 
mitted,  iind  those  parallel  to  their  length  being  absorbed.  Bearing 
in  mind  the  relation  between  the  double  conductivity  and  double 
absorption,  as  exhibited  by  gratings.  I  was  led  to  investigate  whether 
the  directions  of  the  greatest  and  least  absorptions  in  uemalite  and 
crysotile  were  also  the  directions  of  maximum  and  miuimtun  condac- 
tivitics  roepectiToly.  I  found  the  conductivity  of  a  specimen  of 
nemalite  in  the  direction  oi  absorption  to  be  about  fourteen  times  the 
conductivity  in  the  direction  of  transmisdiou.  In  crysotile,  too,  the 
directions  of  the  greatest  and  least  absorption  were  also  the  directions 
of  ujiiximnm  and  minimum  conductivities. 

It  must,  however,  be  noted  that  the  substances  mentioned  above 
are  bud  contlnctors,  und  the  difference  of  conductivity  in  the  two 
directions  is  not  aQ;^tbiug  like  what  we  get  in  pdarising  gratings.  A 
thin  layer  of  nemalite  or  orysotile  will,  therefore,  be  unable  to  pro- 
duce complete  polarisation.  Bat  by  the  cumulative  eflfect  of  many 
such  layers  in  a  thick  piece,  the  vibrations  which  are  perpendicular 
to  the  direction  of  maximum  conductivity  are  alone  transmitted,  tho 
emergent  beam  being  thus  completely  polarised. 
;  A  doublo-CQuducting  structure  will  thus  be  seen  to  act  as  a  polariser. 
I  have  here  an  artificial  electric  tounimline,  made  of  a  bundle  of  parallel 
capillary  glass  fibres.  The  capillaries  have  been  tilled  with  thlnte 
copper  sulphate  solution.     A  simple,  and  certainly  the  most  handy, 
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poLu-iaer  is  one's  ontetrctclicd  fingers.  I  interpose  my  fingers  at  45^ 
Ixt'Secii  tlie  crossed  polarizer  and  the  analyser,  and  yon  observe  the 
iMi'iuliaUt  rbstoration  of  the  extinguished  field  of  radiation.  The 
dooi>l«-<-oiidacting  nature  of  the  structure  is  h^re  quite  evident. 

While  re]K»iting  these  experiments  I  happened  to  have  by  me  this 
o1 1  c^'pj  of '  Bradshaw,'  and  it  struck  mo  that  here  was  an  excellent 
doablo-eonducting  structure  which  ought  to  polarise  the  oleotrio  my. 
For  looking  at  the  edge  of  the  biKik  we  see  the  pn{>cr  continuous  in 
uiie  direction  along  the  pages,  wh^reiis  this  ooutiuuitjr  ie  broken  across 
thn  pages  by  the  interposed  air-filma.  I  shall  now  demonstrate  the 
cntraordinarj  efiiciency  of  this  book  as  an  electric  poluriser,  I  hold 
it  at  -iTi"  Itctween  the  crossed  gratings,  and  you  observe  the  strong 
dcpolarisatiun  eficot  proilnced.  I  now  arrange  the  polariser  and  the 
onalyeor  in  a  piirallel  position,  and  i«t«rpo8e  the  '  Bradshaw  '  with 
its  odge  parallel  to  the  electric  vibration  ;  there  is  not  the  slightest 
•otion  in  the  receiver,  the  book  held  in  this  particular  direction  being 
perfectly  opa({uo  to  eleotrio  radiation.  But  on  turning  it  round 
thfoagh  90',  tbo  '  Bradshuw,"  usually  so  opa<]ue,  becomes  quite  trans- 
p«r«tit,  as  is  indicated  by  the  violent  deflection  of  the  galvanometer- 
«pot  of  light.  An  ordinary  book  is  thus  seen  to  act  as  a  perfect 
polariaer  of  the  electric  ray  ;  the  vibrations  parallel  to  the  pages  are 
oooipletoiy  absorbed,  and  those  at  right  angles  transmitted  in  a 
ptrfoctly  polarised  condition. 

Tli«  electric  raiiiation  is  thus  seen  to  be  reflected,  refracted  and 
polarised  just  in  the  same  way  as  light  is  rofiocted,  refracted  and 
}M.)litriiH.''l.  The  two  phenomena  are  identical.  The  anticipations  of 
MazwflU  have  thus  been  verified  by  the  great  work  of  Hertz  and  his 
■noox— OTti. 

By  pressing  the  key  of  this  radiation  apparatus  I  am  able  to  pro- 
dsM  ether  vibrations,  30,000  millions  in  one  second.  A  second  stop 
in  MOnection  with  another  apparatus  will  give  rise  to  a  dilforout 
Ttbration.  Imagine  a  lari^e  electric  organ  provided  with  a  very  large 
nnmtor  of  stoi>8,  each  key  giving  rise  to  a  particular  ether  note. 
Imagine  the  lowest  key  producing  one  vibration  in  a  second.  We 
riMwld  then  get  a  gigantic  ether  wave  186,000  miles  long  Let  the 
Btxt  key  give  rise  to  two  vibrations  in  a  second,  and  let  each  succeed- 
ing kny  produce  higher  and  higher  notes.  Imagine  an  unseen  hand 
pecMtng  the  different  keys  in  rapid  succession.  The  ether  notes  will 
ihua  riee  in  frequency  from  one  vibration  in  a  second,  to  tens,  to 
handredB,  to  thousands,  to  hundreds  of  thousands,  to  millions,  to 
millions  of  millions.  While  the  ethereal  sea  in  which  we  are  all 
r»e«l  is  being  thus  agitated  by  these  multitudinous  waves,  we 
rr-uiain  entirely  unaffected,  for  we  possess  uo  orgnns  of  percep- 
to  respond  to  these  waves.     As  the  other  n<ito  risos  still  higher 

pitch,  wo  shall  for  a  brief  moment  perceive  a  sdusation  of  warmth. 
A*  the  note  still  riHcs  higlier,  our  eye  will  begin  to  bo  affected,  a  red 
glimmer  of  light  will  bo  the  first  to  make  its  apponranco.  From 
this  iMut  the  few  colours  we  see  arc  comprised  within  a  single  octave 
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of  vibration — from  about  400  to  800  billions  in  one  second.  As  the 
frequency  of  vibration  rises  still  higher,  our  organs  of  perception  fiul 
ns  completely ;  a  great  gap  in  our  consciousness  obliterates  the  rest 
The  brief  flash  of  light  is  succeeded  by  unbroken  darkness. 

These  great  regions  of  invisible  lights  are  now  being  slowly  and 
patiently  explored.  In  time  the  great  gaps  which  now  exist  will  be 
filled  up,  and  light-gleams,  visible  and  invisible,  will  be  fonnd  merg- 
ing one  into  the  other  in  unbroken  sequence. 

Before  I  conclude  I  may  be  permitted  to  express  my  sincere 
thanks  to  the  managers  of  the  Boyal  Institution  for  according  me  the 
privilege  of  addressing  you  this  evening.  I  cannot  sufficiently  ex- 
press my  gratefulness  for  all  the  kindness  I  have  received  in  tins 
country.  When  the  managers  of  this  Institution,  which  has  done  so 
much  to  advance  the  cause  of  Science  and  Arts,  invited  me  here,  I 
felt  that  the  scope  of  this  great  Institution  was  not  merely  confined  to 
these  shores,  but  embraced  other  countries,  even  the  nuMt  distant. 
The  land  from  which  I  come  did  at  one  time  strive  to  extend  hnmaa 
knowledge,  but  that  was  many  centuries  ago ;  a  dark  tige  has  since 
supervened.  It  is  now  the  privilege  of  the  West  to  lead  in  this  wo^ 
I  would  fain  hope,  and  I  am  sure  I  am  echoing  your  sentiments,  that 
a  time  may  come  when  the  East,  too,  will  take  her  part  in  this 
glorious  undertakiuf; ;  and  that  at  no  distant  time  it  shall  neither  be 
the  West  nor  the  East,  but  both  the  East  and  the  West,  that  will 
work  together,  each  taking  her  share  in  extending  the  boundaries  of 
knowledge,  and  bringing  out  the  manifold  blessings  that  follow  in  its 
train. 

[J.  C.  B.] 
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Alfred  Louis  Cohen,  Esq. 
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Dr.  A.  Liebmann, 

T.  George  Longstaff,  Esq. 

Howard  Marsh,  Esq.  P.R.C.S. 

ReT.  Edward  G.  C.  Parr,  M.A. 

Charles  Rose,  Esq. 

Edward  P.  Thompson,  Esq. 

Felwted  Members  of  the  Royal  Institution; 

The  Special  Thanks  of  the  Membors  were  rettlriie<l  for  th«i 
bllowing  Donation  to  the  Fund  for  the  Promotion  of  Eiporimontal 
at  Low  Temperatures :  — 

J.  Wolfo  Barry,  Esq.  C.B.  ..       £25 

Sir  Frederick  Abel,  Bart.  K.C.B.       £60 

The  Ptt»B!(T8  reoeiTed  since  the  lost  Meeting  were  laid  on  the 
litble,  and  the  thanks  of  the  Members  returned  for  the  same,  viz.: — 


ill*  8terH»TTf  of  State  for  India — Archwoloeici^l  Sarvey  of  India.  New  Series, 
Vol.  XXt     Chalakynn  Arobitecture.     By  A.  Rea.     4to.     1896. 
Th*  MmdI  Arebiiecture  of  Futhpur-Sikri.     Bj  E.  W.  Smith.     Part  2.    ito. 

lOM. 
Aasaal  Ptnf;Trm  Rnpnrt  nfthe  Archnological  Surrey  Citele  M.W.P.  and  Ondb, 
farl8i>5-!*6.    8vo.    1«36, 

'lAe  itdmirofiy— Vantical  Almiinnc  for  190n.     8fO.     1K96. 
■•O^iurtll  of  India — (Jeologu-nl  Survey  nf  ludii.      Reoorda,  Vol. 
■■  t  4.     8vo.     1896. 

'>Myi,  Rrolti,  Ronla — Atti.  SArin  Qnint«;  Rcii'liconti.  Ola^ie  di 
-....„  ;  .-iche.  el/',  i?  Sem.«trf,  Vol,  V.  Fasc.  10-12;  T  Semohtre. 
J.  VI.  V»te   I.     8t.>.     I89U'»7. 

[  Soeutf  of  England,  Boyal— Journal.  Third  Series,  Vol.  VII.  Fait  4. 
imM!. 

PhUittnphieci  JSoe^c'y— Proceadinira,  No.  151.    Svo.     1896. 
iSe^ity,  Hoifil — loiirriHl  for  Jan.  1H»7.     8to. 

■    1*io<»/!/.  RnyaZ-Miiilhly  Motitvg.  Vol.  LVII  Xoe.  1.2.    Svo.    1896. 
>,  A.   B*/}.  CAa  wliitAor)— Eclaimgo   par  incaadesceooa  i»u  moyen  dc» 
&li<ar«  aur(witM!l*ngean.    Svo.     1896. 
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Bomtctn,  IntliluU  o/— Joornkl,  Vol.  XVIL  Put  9;  VoL  2VIII.  Phrt  t.    8to. 

1896. 
Birt,  Sir  IFiOtam— Photo-Piotan«  in  Enat  An^lia.  B;  P.  Jonninga.  Wi(h  letter- 

ptem  br  A.  Berljrn.     8ro.     18^. 
Boiion,    U8.A..  PtMic  lAbrary—Vlanihlj  Balletin  of   Boob  added    to    Uia 

Library,  VoL  L  No.  10:  Vol.  tl.  No.  1.    Sto.     189e-97. 
Britith  ATckiUet$,  Bogal  JtutitmU  o/->)oamal,  1S96-97,  Nok  4-€,  ud  Oaleadv. 

8vo 
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VoL  VL  P*rt  1.     8to.     1836. 
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FIomM,  BiOioUea  NatioaaU  Oafaub— RoUettinn,  Koa.  263,  264.    8vo.     189(1. 

Ftomidin  /luMftito— Journal  for  Deo.  ISdti  and  Jan.  1897.    8vo. 

G«g*«]>ktMi  Society,  Rofoi — (jeogntphiail  Journal  for  D&s.  1896  and  Jon.  1807. 

OitelQKiie  of  the  LiKrarT-.    Syn.     1895. 
OOboM,  &  Emj.  (Um  Author) — Beport  oa  the  Sanibiry  Gondition  of  the  Qolborn 

Diatrict  for  189S.     8to.     1894. 
aOtkn^  PtTcy  C.  Etq  F.R.S.  MJt.l.  (««■  Author)— Th^  Bertmnd-Tliiel  Prooeu. 

foL   I'sm. 

GtadUtm*,  Dr.  J.  H  I'hJ).  F.JtS.  JTB/.— Anuterdam  Aaidrijk*kunc1ig  Oeno<4- 

■Btaap  TiidMbrift.    4CO  Scriea.  Docl  4;  8vo  Series.  Deel  11.  12      1894-95. 
Ot>t»gov,P)ulotovhical8Mii«tf—VTooeeAing»,\olXS.\ll.    8vo.     189ii. 
Grwf,   H*wry,   Etq.  F.X.S.  ((A«   .,4u/Aor)— Sixty-five    Yeara'    KeminUoencea    of 

Kot&blB  Evsata.  1 8:^2-96.    8vo.    1896. 
Bartti«^  SoeiHi  BoUandaitt  tUt  Seitf>ce* — Archiye«  Neerlandaues,  Tome  XXX. 

Lirr.  3, 4.    8to.     1896. 
Head,  Jmmiak,  Btq.  M.  Itut.  C£.  M.R.I.  (Un  Author)— The  Manpaneso  Oro 
rVpocita  of  Northern  Spain,  with  noU-a  on  »ome  other  aonrces  of  gnpply. 
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tT(rrticiiUural  Society,  HoyoV-— Journal.  Vol.  XX.  Part  2.     8to.     1896. 
Imperiot  /n«(<tiil«— Imperial  Institute  Journal  for  Deo.  1896  and  Jan.  '897. 
JitpM.  Imperial  Univmily — Jouruul  of  the  College  of  Science,  Vol.  X.  Part  1. 

Uto.     1896. 
/«kM  Hopkint  Univertily — Ameriean  Che4nical  Journal  for  Dec.  1896  and  Jan. 
I«r7. 
I        CaiTcrsitT  Ciroular»,  No.  127.     8vo.     1896  i 

Awrrimn'journalof  Philology.  V  I.  XVIl.  No.  3.     8to.     1896. 
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linmfam  Society— .loxann],  Ho.  Idb.    8vo.     1896.  I 

Li*t  of  the  Fellows.     8va     1896. 
t.iwmjKMil,  Literary  and  Philntophical  .Soew/y— Proceedings,  Vol.  L.  (uontainiag 

ltMle«  to  Vols.  1.-L.).     8vo.     1896. 
tMmton  Countf  Council  Techniral  Education  Board — London  Technical  Eldaca- 

tion  Oacettc  for  I)ea.  1896.     8to. 
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Jttmmadtutettt  IntiiluU  of  Techruilnqy — Tochnolo^y  Quarterly  and  Frooeedings  of 

lb«  Society  of  Arts,  Vol.  IX.  No.  4.     8vo.     189*5. 
4f><eoratoj|Mo/  Soeiety,  Aoyal— Meteorological  Reenrd,  No.  62.    8ro. 
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tThe  KioHT  Hon.  Lobd  HAUBnaT,  M.A.  D.C.L.  FJI.S. 


It  is  ftn  old  controversy  whether  history  is  a  branch  of  literature 
or  a  branch  of  science ;  bnt  thore  is  no  reason  why  the  cuntro- 
versy  should  ever  be  decided.  A  book  is  written  ;  it  most  take  its 
chane«.  It  is  cast  upon  the  world  to  exercise  such  influence  as  it 
eaa,  to  teach  or  to  attract,  to  mould  thought  or  to  create  interest,  to 
•olve  qaeations  or  to  suggest  them.  There  is  always  one  consoling 
t«flaetion  ior  authors,  which  ought  to  savo  them  from  disappointment. 
Tb»  deeper  the  impression  which  a  book  produces,  the  smaller  is  the 
circle  of  its  readers  likely  t»>  be.  The  general  public  likes  to  take 
its  jonmeys  by  easy  stages,  and  will  not  be  carried  too  far  all  at  once. 
Only  a  select  few  will  be  ready  to  undertake  a  Bcrious  expedition ; 
bnt  tbey  are  the  explorers,  and  through  tlieir  etforts  kDowlodge  will 
ultimately  grow.  \Vhen  pioneers  have  entered  upon  a  new  field,  it 
takes  some  time  before  the  cummnnicatiuns  are  made  which  make 
travelling  easy.  Meanwhile,  ideas  and  notiuns  float  dinjointedly 
into  the  general  stock  of  knowledge,  and  affect  public  opinion 
inaenidbly  in  various  ways.  Knuwledge  uf  the  past  is  of  value  as  it 
affords  a  background  against  which  men  view  the  present.  It  is  of 
■onM)  valne,  as  likely  to  aflect  men's  judgment  of  what  is  going  on 
around  them,  that  they  should  feci  that  there  has  boon  a  past  at  all. 
Every  additional  item  of  knowledge  about  the  process  by  which 
buman  society  has  slowly  reached  its  present  form  is  of  increasing 
Talna.  From  whatever  source  it  comes  to  them,  it  is  so  much  to  the 
good.     History  is  to  be  welcomed,  whatever  form  it  assumes. 

There  can  bo  no  doubt  tliat  in  late  years  there  bos  been  a  very 
dMided  increase  of  general  interest  in  history  amongst  ub.  The  nature 
of  political  questions,  and  the  tendency  of  tbonglit  about  social 
qnntiona,  have  given  a  decided  impulse  in  this  direction.  In  small 
lowofl  and  villages  historical  subjects  are  amongst  the  most  popular 
fbrlMtorw;  and  historical  allusions  are  acceptable  to  all  audiences. 
Il  WM  iK>t  BO  fifteen  years  ago.  At  that  time  I  remember  an  eminent 
'*"Tmr^i  tpeaking  to  me  sadly  of  his  experience.  He  had  been 
■paakiDg  to  *  TMt  audience  in  the  open  air,  oudei  the  shadow  of  one 
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of  OUT  oJdeat  okdwdnl^  Th«  crowd  w»a  so  great  th&t  it  had  to  Le 
■fddxMBed  from  vmiiooa  platfosma,  of  which  be  ooeopied  one.  Be 
told  me  thftt  he  was  led  bj  his  ■vehiteetnral  ■arronndinga  to  indulge 
in  a  peroratioD  in  which  be  exhorted  his  bearers  to  act  worthily  of 
their  mi^ity  past,  and  pointed  to  the  splendid  building  as  a  perpetual 
BiMBorial  of  the  great  deeds  and  noble  aspirations  of  their  forefathere. 
The  allusion  fell  upon  dull  ears  ;  no  cheer  was  raised ;  the  point  wu 
entirelj  missed.  My  friend  then  strolled  to  the  next  platform,  where 
a  loDger-winded  orator  was  indulging  in  a  lengthier  speech.  He,  too, 
selected  the  cathedral  to  give  local  oolonr  to  his  peroration.  He 
deooonoed  the  wrongs  of  the  people,  and  shook  his  fist  at  the  great 
chnrch  as  the  symbol  of  oppression,  the  home  of  poise-prond  prelates 
who  adorned  themselves  and  their  belongings  at  the  expense  of  the 
poor.  But  in  this  case  also  no  cheer  followed;  again  a  rhetorical 
sally  which  owed  its  point  to  any  feeling  for  the  past  was  unheeded. 
The  working  men  eared  neither  for  the  good  nor  the  eril  of  the  past ; 
their  minds  were  set  upon  the  present,  and  that  was  enough  for  Uiem. 
I  think  this  indifference  would  not  bo  shown  nowadays.  One  view  or 
the  other  would  raise  a  hearty  cheer.  There  is  nowadays  a  oonoep- 
tioo  that  things  have  grown,  and  that  the  way  to  mend  them  is  to 
get  them  to  grow  in  the  rieht  direction.  This  attitude  of  mind  is 
the  abiding  oontribntion  which  a  knowledge  of  history  will  make  U» 
social  pn^gress.  Perhaps  every  branch  of  knowledge  is  more  vain- 
able  fur  the  temper  which  it  creates,  which  can  be  shared  by  every  one, 
than  by  its  direct  contributions,  which  can  be  judged  by  only  a 
few.  Again,  I  say,  let  us  welcome  the  results  of  knowledge  in  any 
and  every  form. 

It  is  not.  however,  my  intention  to-night  to  criticise  the  various 
ways  in  which  history  hsis  been  written.     It  is  enough  to  say  that  it 
is  not  absolutely  necessary  to  bo  dull  in  order  to  prove  that  you  an> 
wise,  or  to  repress  all  himian  emotion  in  order  to  show  that  you  are 
strictly  impartial.     Ou    the    other   baud,  the    perpetual    appeal   to 
sentiment  grows  tedious,  and    the    steadfast   desire    to    oonetruot  a 
oonsistent  obaraoter  by  disregarding  uncomfortable  facts,  or  explain- 
ing  them  away,  does  not  carry  conviction.     It  is  even  more  impossiUe 
to  write  history  with  a  purpose  than  it  is  to  write  fiction  with  a  purposa 
Fiction  can  at  least  select  its  own  limitations,  and  professedly  excludes 
all  the  events  of  tbe  lives  of  its  characters  except  what  suits  its  imme- 
diate purpose.     Wo  know  that  the  stnte  of  the  world's  afifairs  oould  not 
bo  set  to  suit  a  particular  past,  and  that  men  cannot  be  read  into  the 
exprofision  of  abstract  prinoiples.     History  is  very  impatient  of  direct 
morals.     Its  teaching  is  to  be  found  in  large  tendencies,  which,  it  may 
be,  are  very  imperfectly  traceable  within  particular  limits.     HistofJ 
cannot  be  made  picturesque  by  the  skill  of  the  writer.     It  must  be 
picturesque  in  itself  if  it  is  to  ho  so  at  all.     All  that  the  writer  cikii 
claim  is  the  artistic  insight  which  diseorus  tlio  elements  of  a  forcible 
composition  in  unexpected  places,  and  reveals  nukuown  beauties  by 
compelling  attention  to  what  might  otherwise  be  overlooked. 
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We  nuij  agree  that  history  should  be  made  as  picturesque  as 
po— ible ;  bat  pictaresqneness  cannot  be  applied  in  patches.  Char- 
aotera  must  be  made  life-like  by  remembering  that  after  all  they  were 
faaman  beings,  neither  wholly  good  nor  wholly  bad,  but  animated  by 
motiTcs  analogous  to  those  which  animate  ourselves,  and  are  common 
to  man  in  all  ages.  An  historian  ought  to  live  with  his  characters 
as  much  as  possible,  and  form  a  conception  of  their  temperament  and 
appearance,  so  aa  to  feel  that  he  is  dealing,  not  with  dummies,  but 
with  real  persons.  This  is  not  always  the  method  pursued.  I  re- 
member being  told  by  a  friend  that  he  was  in  a  great  library,  and 
■aw  a  popular  writer  anxiously  searching  the  catalogue,  with  a  bundle 
of  proofs  under  his  arm.  He  proffered  his  assistance,  as  he  was 
merely  reading  at  large  for  a  few  days,  and  would  be  glad  to  have  an 
object.  "  Oh,"  said  the  author  with  a  sigh, "  I  want  to  know  the  colour 
of  So-and-so's  hair,  and  I  don't  know  where  to  find  out."  My  friend 
spent  three  days  in  discovering  this  fact,  and  observed,  when  the 
book  appeared,  that  the  information  was  used  in  a  description  of  the 
hero  at  a  great  crisis  of  his  fortunes :  "  He  stood  with  his  shock  of 
red  hair  and  flashing  eyes,"  &c.  Now  in  this  case  it  is  obvious  that 
the  judgment  on  which  the  book  was  written  was  formed  first,  and 
then  picturesque  details  were  sought  to  deck  it  out.  I  have  some- 
times meditated  whether  or ' no  the  judgment  would  have  been  the 
same  if  the  writer  had  known  at  first  that  his  hero  had  red  hair.  As 
we  are  affected  in  daily  life  by  personal  appearance  aa  an  index  of 
character,  so  we  might  well  be  affected  by  some  correspuuding  con- 
ception of  temperament  in  great  men  of  the  past.  Historical  portraits 
are  very  valuable ;  the  knowledge  how  a  man's  appearance  impressed 
those  who  saw  him  is  equally  valuable.  No  outburst  of  description 
makes  a  man  real.  This  is  only  possible  by  a  sympathy  between  the 
writer  and  his  character,  which  penetrates  all  that  he  says  of  him. 
A  luge,  yet  consistent,  representation  is  the  best  form  of  picturesque- 
new  in  this  important  field. 

The  danger  of  an  excessive  desire  for  picturcsquoness  is  that  it 
tnsdn  to  %  purely  external  view  of  the  course  of  afiairs.  The  writer 
pSMSS  hastily  from  one  strongly  marked  personality  to  another,  from 
oae  striking  event  to  another,  and  neglects  all  that  lies  between  them. 
Yet  personalities  are  only  really  interesting  as  they  exhibit  tendencies 
which  STo  widely  spread ;  and  it  is  the  strength  of  these  tendencies 
which  finds  expression  in  the  dominating  character.  In  fact,  tbo 
fliarscter  itself  is  of  no  value  for  the  purposes  of  history  unless  it  ho 
broQght  into  relation  with  tbo  general  oonditions  of  life  and  thought 
which  produced  it.  This  is  the  difference  between  history  and  fiction. 
Fur  tbo  purposes  of  fiction  you  have  to  grant  the  possibility  of  the 
ehanoter  which  is  analysed  or  displaycil  iu  action.  For  the  purposes 
of  history  yon  have  to  understaud  the  correspondency  of  the  char- 
acter with  the  conditions  and  virGumstanoes  of  national  life.  It  requires 
a  skiJful  delineation  of  those  conditions  to  give  a  character  historical 
realikr.     He  caaaot  be  detached  from  his  background.     Uis  whole 
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interest  lies  in  the  fact  that  he  really  ensted,  and  he  most  abore  all 
thlnss  be  made  possible.  The  reader  mast  not  be  left  bewildered 
aud  umfizoil.  asking  himself  what  sirt  of  men  lived  on  the  earth  in 
tluxu  <ia}>,  and  what  were  the  interests  and  porsnits  of  the  ordinaiy 
man. 

It  is  tibvioas  tliercforo,  that  all  history  cannot  be  made  equally 
pictaro>qiie,  aud  that  it  is  nscless  to  attempt  to  make  it  bo  by  dfrr 
libei-ute  uiuissiuns  of  all  that  is  nut  pictureE>qae.  We  most  ttke 
hniuan  atfairs  as  thoy  come.  After  all,  men  did  not  live  in  the  past  for 
oar  amusemtnt,  bat  for  onr  instraction.  There  were  probably  as 
many  doll  people  in  the  past  as  there  are  in  the  present,  and  wa 
may  console  ourselves  with  thut  reflection.  I  can  see  no  reason  why 
any  one  shuald  read  history  except  that  he  wishes  to  learn  how  things 
really  went  on.  I  do  nut  know  thut  any  method  of  writing  can  make 
them  always  exciting.  I  hrar  people  sometimes  complain,  "The 
pevf-spapers  are  very  duU  torday."  I  find  they  mean  that  there  is 
no  rccurd  of  a  great  accident,  or  a  horrible  murder,  or  a  political 
cata.<trophe.  I  think,  however,  they  would  change  their  remark  and 
become  xary  serious  if.  lot  us  suppose,  the  newspapers  chronicled 
a  greftt  railway  accidi-nt  on  every  day  in  one  week.  They  woxdd 
crave  for  a  period  uf  aueventfulness,  and  think  that  it  was  more 
permanently  c^tisfyiug.  We  need  a  stable  basis  to  rest  npon  before 
we  can  find  comfortable  pleasure  in  contemplating  instability. 
Ficturc.««}uenes8  must  have  an  element  of  restfulness.  It  is  not 
to  be  found  in  constant  excitement,  but  in  clearrcut  and  attractive 
presontatiun  of  events. 

The  possibility  of  such  presentation,  strange  to  say,  becomes 
greater  as  the  events  are  more  remote.  This  is  due  to  two  caoses : 
first,  that  we  have  made  up  our  minds  more  clearly  about  what  is 
imjiortant  in  the  past ;  secondly,  because  the  amount  of  materials 
which  are  available  is  limited.  There  is  an  ipuncnse  difference 
between  writing  history  previous  to  the  sixteenth  century  and 
lyriting  history  after  that  date,  owing  to  the  nature  of  the  material. 
The  change  which  separati's  lnl^lern  fr<.>m  mcdisval  times  was  made 
by  the  conscious  growth  of  nations,  and  the  consequent  complexity 
of  international  relations.  The  difficulty  of  dealing  with  modem 
history  is  the  impossibility  of  isolating  events  and  their  resnlts. 
fp^is  truth  is  expressed  in  the  amazing  development  of  diplomacy 
aud  the  vast  uiultiplicatiou  of  documents,  which  is  to  the  historioal 
craftsman  the  dividing  line  between  two  periods.  Thp  contemporaiy 
chronicler,  who  was  previously  the  chief  authority,  sinks  into  the 
backgroimd.  The  historian  has  to  wander  patiently  through  end- 
less byways,  which  lead  apparently  nowhere.  It  is  compuatiTely 
easy  to  form  a  clear  conception  of  u  man's  character  when  yon  have 
only  the  general  outlines  of  his  life  and  the  record  of  his  permanent 
achievements.  It  is  much  more  difficult  when  you  cap  follow  his 
projects  from  day  to  day.  The  great  mass  of  those  projects  came  to 
notibing.     Yet  it  is  true,  if  we  look  to  private  life,  that  a  man's 
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cbAnotar  u  more  revealed  by  what  he  tries  to  do  than  bj  what  he 
mcoeeds  in  doing.  Indeed,  it  is  not  paradoxical  to  say  that  his 
Abiding  influence  '\r  cipreSBed  by  his  aspirations  rather  than  by  his 
•chieremeDtA.  Dia  most  fruitful  huritago  is,  generally  speaking, 
his  temper,  his  attitadc  towatds  life,  his  method  of  facing  its 
problems.  TLe  great  question  is,  Did  be  heighten  or  did  Lc  lower 
the  sense  of  dnty  of  those  amongst  whom  be  liyed  and  worked  ? 
The  Buno  mo<le  of  judgment  seems  to  me  to  bold  true  in  the  large 
aflkin  with  which  history  is  concerned.  Before  we  can  judge  a 
statesman  rightly  we  must  follow  his  aims  and  methods  in  detail. 
Ue  eoold  tmly  command  certain  forces,  the  power  of  which  was  best 
known  to  himself.  It  is  easy  to  prescribe  an  heroic  policy  at 
great  crises,  to  lament  apparent  pusillanimity,  and  to  arrange 
quietly  in  one's  study,  after  a  lapse  of  centuries,  an  ideal  termination 
t4>  political  difficulties.  But  wc  are  all  of  us  conscious  of  the 
differenco  between  what  wo  would  do  and  what  we  can  do.  Every- 
ly  who  sits  on  a  committee  comes  away  feeling  that  be  could 
managed  ita  bnsinesa  better  by  himself.  But  the  use  even  of 
Oommittoe  is  to  show  you  what  available  resonroes  a  particular 
line  of  action  can  command ;  and  you  generally  depart  with  a 
eonviction  that  it  is  only  the  second-best  policy  which  has  any 
fihatice  of  immediate  sucixsa.  Statesmen  in  the  past  suffered  under 
tbo  same  limitations.  TLe  posseBsiou  of  supreme  power  by  rulers 
is  only  apparent.  Somehow  or  other  they  had  to  discover  what 
the  nation  was  likely  to  do,  and  more  than  that  they  could  not 
TCnlure  to  undertake.  Improvements  in  the  mechanism  of  govern- 
■ent  an  of  use  as  they  enable  statesmen  to  gauge  more  accurately 
the  foroefl  on  which  they  can  rely.  There  is  one  lesson  that  comes 
from  reading  diplomatic  records:  it  is  that  rulers  were  always 
trying  to  moke  the  best  of  a  bad  business.  Parliam<.'utary  obstruc- 
tion ia  only  a  condensed  form  of  what  hod  always  to  bo  reckoned 
with.  The  outward  uspressiou  of  tendencies  has  changed,  rather  than 
the  tendencies  themselves. 

It  ia  very  difficult  to  clothe  with  any  appearance  of  interest 
abortive  attempts  which  came  to  nothing,  which  were  put  forward 
in  ambiguous  language,  and  were  often  cloaks  to  some  further 
purpose  behind.  Tet,  as  a  matter  of  fact,  these  constituted  the 
naia  activity  of  many  statesmen,  and  if  we  leave  them  untraced  or 
■BfltentioDed,  wo  are  missing  the  point  of  their  laborious  lives. 
There  ia  no  more  widespread  delusion  than  that  a  man  in  a  greal 
poaitioD  gets  his  own  way.  He  is  envied  by  the  ignorant  and  I 
thoogbtleaa  for  bis  supposed  power,  for  his  freedom  from  those  petty 
iaoooTmiiflOoea  of  which  they  themselves  are  keenly  conscious. 
Tbo  opportunity  to  do  what  one  wills— this  is  assumed  to  be  the 

Erivil^e  of  those  who  direct  affairs.  One  of  the  great  lessona  of 
iatory  ia  to  show  the  bondage,  as  well  as  the  responsibility,  of 
puirar.  Tho  trials  and  disappointments  of  the  great  deserve  recogni* 
tioo — not  only  their  failures  in  great  imdertakingB,  the  dramatic 
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downfall  of  over-lofty  schemes,  but  tbo  small  difficnltiefl  of  their 
daily  buBiness,  the  imperious  limitations  by  which  they  were  con- 
stantly hampered.  This  has  a  meaning  of  direct  importance  to  ns 
all ;  bat  it  is  hard  to  make  the  troubles  of  daily  life  picturesque. 
The  writer  of  fiction  moves  us  by  the  Btirring  adventures  of  his  hero 
and  heroine  in  overcoming  difficulties  which  stood  in  the  way  of 
their  marriage.  Then  he  leaves  them  to  settle  down  to  humdnun 
life  B8  best  they  can.  They  are  no  longer  interesting,  bat  become  u 
ignoble  and  commonplace  as  their  parents  were  at  the  beginning  of 
the  book.  The  historian  cannot  treat  his  personages  in  the  aune 
way.  He  has  to  face  the  difficulty  of  extracting  some  interest  from 
their  average  occu|>atiotig.  He  is  tempted  to  shirk  it,  and  to  harry 
on  to  something  in  which  he  can  find  fuller  scope  for  his  power  of 
description. 

It  is,  therefore,  this  diplomatic  record  which  goes  far  to  injure  the 
picturesqueness  of  history.  It  conHtautly  reve^  limitations  which 
could  not  be  overcome.  It  shows  us  the  hero  in  his  shirt-sleeves, 
labouring  mostly  in  vain,  and  it  enables  ns  to  see  only  too  clearly 
his  inevitable  defects.  But  if  we  look  a  little  lunger  we  see  that  it 
enlarges  his  personality,  and  exhibits  him  as  the  representative  of 
his  nation.  This  really  sets  him  on  a  higher  level,  and  gives  him  a 
greater  dignity.  He  is  bearing  the  burden  of  his  country,  and  is 
fettered  by  her  deficiencies.  There  are  many  things  which  might  be 
done  if  he  had  the  means  to  do  them.  Ho  can  only  reckon  on  so 
much,  and  must  make  it  go  as  far  as  be  can.  His  projects  are 
tentative,  and  he  is  often  obliged  to  withdraw  from  much  for  want 
of  a  little.  He  is  not  really  his  own  master,  but  serves  a  public 
which  imj>erfGctly  understands  its  own  position  and  grudges  every- 
thing it  gives.  Whatever  else  pictnresqueness  may  attempt  to  do,  it 
must  not  seek  to  abolish  the  pathos  of  bumble  industry. 

I  have  been  speaking  generally  about  picturesque  ways  of  writing 
history,  in  the  ordinary  acceptation  of  the  term.  Let  me  attempt  to 
go  a  little  farther,  and  try  tu  discover  in  what  the  pictoresqueness  of 
history  consists.  It  is  obvious  that,  if  it  lies  in  a  series  of  virid 
pictures  of  events  and  striking  presontatious  of  character,  the  historian 
cannot  rival  the  writer  of  fiction,  and  historical  novels  are  the  proper 
mode  of  expressing  picturesque  presentation.  Some  historians  have 
felt  the  need  of  a  more  imaginative  treatment  than  their  subject 
properly  ailoived,  and  have  Bupplemented  their  serious  histories  by 
hifiturieal  novels.  But  the  point  which  I  wish  to  consider  is  the 
sense  in  which  history  can  be  made  picturesque,  and  the  reason  why 
some  periods  of  history  are  more  capable  of  picturesque  treatment 
than  others. 

Now  the  term  picturesque  itself  suggests  artistic  handling ;  and  it 
is  obvious  that  in  art  as  much  depends  on  the  selection  of  the 
subject  as  on  tbo  mode  of  treating  it.  An  historian  is  bonnd  by  his 
subject,  aud  cuunot  moke  it  picturesque  if  it  is  not  so  in  reality-  The 
groat  periods   of  pictoreaqueness  are  those  in  which  peraouality  i^ 
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moet  powerful.  This  ooDstitntes  to  many  minds  the  charm  of  the 
history  of  Italy,  especially  in  the  fifteenth  century.  There  wos  then 
a  copious  supply  of  determined  and  adventurous  characters,  whose 
BMun  object  woa  to  express  themselves  folly.  Outward  circumstanoes 
gare  them  a  favourable  opportunity.  They  rose  by  their  owii 
dexterity,  and  aimed  at  artistic  completeness  in  all  their  achieve- 
ments. They  are  attractive  by  their  freedom  from  conventional 
restraints,  by  their  unhesitating  self-confidence,  and  by  the  magnifi- 
oenco  of  their  aims.  The  same  spirit  which  animated  Italy  passed 
on  in  a  somewhat  modified  form  to  the  rest  of  Europe  in  the  sixteenth 
oeotnry,  and  became  d»mesticated  in  France.  From  that  time 
onward  we  may  say  that  French  history  is  the  most  pictnresque. 

Yet  it  is  worth  observing  that  a  mere  expression  of  character, 
oufotterod  by  ordinary  restraints,  does  not  of  itself  satisfy  our  craving 
fur  picturesquencss.  In  fact,  the  most  purely  personal  history  is  that 
of  Qie  later  Boman  Empire,  of  the  Byzantine  Empire,  aud  of  its 
mooesaor,  the  Russian  Empire.  For  striking  scenes  and  dramatic 
erenta,  tbeeo  histories  surpass  any  others.  Caligula  and  Nero,  Loo 
the  IiAorian  and  Irene,  Ivau  the  Terrible  and  Peter  the  Great, 
outstrip  in  wilfulness  and  dariug  anything  that  Italy  or  France  ever 
produced.  Yni  they  seem  to  us  remote  and  monstrous  ;  they  do  not 
touch  us  with  any  sympathy ;  they  belong  to  a  range  of  ideas  which 
is  not  our  own  ;  they  represent  characteristics  of  power  with  which  we 
are  not  familiar.  It  is  not  enough  that  scenes  should  be  striking,  or 
charactera  strongly  marked.  Scenes  and  characters  alike  must  stand 
in  wme  definite  relation  to  ourselves  and  our  actual  surroundings. 
I  doubt  if  our  interest  in  Italian  history  would  bo  so  strong  were  it 
not  fur  the  fact  that  its  records  still  remain  and  have  thoir  messago 
for  ns.  Italian  princes  would  bo  forgotten  Lad  thoy  not  been  patrons 
[artisU  and  architects,  whoso  works  speak  to  us  by  their  beauty  and 

ir  grandeur.  Wo  wish  to  know  what  was  the  view  of  life  which 
'giT«9  ilioflo  creations  such  dignity  and  grace,  who  were  the  men  for 
whom  aocb  stately  palaces  were  built,  what  was  the  conception  of 
human  character  and  its  possibilities  which  prevailed  in  the  com- 
munity from  which  they  sprang?  The  men  themselves  are  only 
inlezvBting  because  tliey  were  conspicuous  and  intelligible  instances 
of  iBndanaies  which  wo  wish  to  see  expressed  in  action,  that  wo 
naj  more  clearly  understand  their  meaning  as  expressed  in  tho 
shrtraot  forms  of  arcliitecture  and  art.  Our  interest  is  not  primarily 
is  the  men  themselves,  or  thoir  doings,  but  in  the  significance  of  the 
ideas  which  lay  behind  them.  The  same  thing  is  true  of  the 
pieliirenioenesa  of  French  history.  We  are  attracted  by  the  proceas 
whidi  praduoed  that  mental  alertness  and  precision  which  characterise 
Ihe  French  mind,  that  power  of  organising  life  so  as  to  got  tho  most 
iMt  of  it,  which  is  still  the  peculiar  merit  of  the  French  people. 

This  leads  me  to  another  point.  A  lutld  record  of  events  or  a 
{tint  doacription  of  a  character  by  a  contemporary  does  not  suflice 
fur  historical  picturesquencss.    Things  may  loom  large,  and  we  may 
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■ee  their  importance,  bat  we  cannot  hope  to  reproduce  them  bj  mere 
exeroise  of  imagination.  PictureBqucnees  mast  come  from  adequate 
materials,  and  orery  tonch  must  be  real.  Imagiuation,  after  ail,  is 
only  an  arrangement  of  experience.  You  cannot  really  create  ;  you 
are  only  borrowing  and  adjusting  odds  and  ends  according  to  some 
dominant  conception.  It  is  ageless  in  history  to  read  a  man  about 
whom  little  is  known  into  the  likeness  of  another  about  whum  you 
uay  know  much.  It  is  useless  to  reproduce  an  obscure  period  ia 
the  terms  of  a  period  with  which  yon  are  more  familiar.  Where  wa 
do  not  know  we  cannot  safely  invent.  Now  pictaresqueness  ia 
history  must  depend  on  the  material  available  for  intimate  knowledge. 
It  is  only  at  times  when  men  were  keenly  interested  in  life  and 
character  that  such  records  were  produced.  We  cannot  make  the 
life  of  Byzantium  live  again,  for  the  records  are  formal  and  ofBciaL 
Outride  accounts  of  magnificence  suggest  little ;  we  need  the  touch 
of  intimacy  to  give  life.  In  short,  picturesqueness  is  only  possible  in 
dealing;  witli  periods  when  literature  was  vigorous  and  oontemporary 
memoirs  were  plentiful. 

I  should  not  like  to  say  whether  the  demand  created  the  supply, 
or  the  supply  created  the  demand.  It  is  enough  that  men  were 
interested  in  themselves  and  in  one  another,  and  have  left  us  the 
result  of  their  interest.  That  iuterest  arose  from  a  belief  in  the 
importance  of  what  was  happening,  and  a  power  of  tracing  it  to 
individual  action.  Beuco  prominent  individuals  were  cloec^Iy 
scanned,  their  motives  were  aunlysid,  and  the  influences  which 
weighed  with  them  were  carefully  observed.  In  some  cases  the  men 
themselves  were  worthy  of  study :  in  otlicr  cases  their  importance 
was  entirely  due  to  their  position.  But  anyhow  they  were  represen- 
tatives of  their  times,  of  the  habits,  manners  and  ideas  which  were 
current.  The  picture  which  we  wish  to  have  in  our  own  minds  is 
not  merely  that  of  the  man,  or  of  the  events  in  which  ho  took  part, 
but  of  the  life  and  the  society  which  lay  behind  him. 

The  picturesqueness  of  history,  therefore,  is  largely  due  to 
memoirs ;  and  the  countries  and  epochs  which  have  produced  them 
are  especially  picturesque.  Now  it  is  great  crises,  periods  of 
disruption,  great  emergencies,  which  as  a  rule  impress  contemporaries 
and  furnish  matter  for  close  observation.  The  production  of  crices 
is,  of  course,  not  the  highest  sign  of  human  intelligence.  In  fact, 
a  crisis  is  duo  to  blnudcriug  and  ineapsicity.  But  when  a  crisis 
occurs  it  is  a  revelation  of  character.  This  is  obvious  in  the  drama. 
It  is  impossible  to  ropn-scnt  an  ordinary  man  engaged  in  his  ordinaiy 
pursuits.  To  show  what  sort  of  man  ho  is,  it  is  necessary  to  plsM 
him  in  an  oxtraoidinary  and  nnexpected  position;  then  all  his 
hidden  strength  or  weakness  comes  to  light.  A  man  can  only  be 
defined  by  his  limitations ;  and  these  are  only  obvious  when  he  has 
to  act  on  his  own  initiative,  robbed  of  his  ordinary  props,  and  forced 
to  draw  upon  bis  own  intoUtctual  and  moral  resources.  Hence  it 
comes  that  we  feel  the  attraction  of  troublous  times  in  histoid,  and 
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regard  them  as  the  most  picturesque.  The  Great  Bebollion  aoi  the 
l^reiich  BL-vo]ation  have  furnished  endleKS  motives  to  dramatists, 
Dovulists  and  painters,  because  they  snggest  poBsibilitios  of  striking 
Cuutrat^te,  and  alfunl  available  situatioua.  The  Imman  interest  is 
then  tuotit  intense,  and  unr  sympathies  are  roost  easily  awakened. 

Bat  though  such  times  are  the  best  for  displaying  individual 
diaracter,  it  may  be  di^ubtcd  if  they  are  the  best  far  displnying 
national  life  and  national  churactor.  Indeed,  tbey  exaggerate  differ- 
ing tendencies  which,  in  an  ordinary  way,  work  harmoniously 
together,  and  force  them  into  violent  opposition.  It  is  true  that  the 
tendencies  were  there,  that  they  restLHl  upon  certain  ideas  and  made 
for  certain  emls.  But  in  the  exigencies  of  a  struggle  tbey  assumed 
undue  proportions  and  became  one-sided  through  the  apparent 
neoessity  of  denying  any  right  of  existence  t<i  the  ideas  op]K>sed  to 
them.  In  short,  national  life  depends  on  the  blending  of  various 
elonients,  and  the  co-operation  on  a  large  scale  of  efforts  which, 
regarded  on  a  small  scnle,  seem  to  bo  diametrically  opposed.  Periods 
of  revolution  destroy  this  process,  and  make  the  apparent  opposition 
an  absolute  one  for  a  time,  so  that  the  parallel  between  the  individual 
and  the  nation  fails  in  this  point.  A  crisis  in  the  life  of  the 
iudiTidiial  ruveals  bis  true  character,  because  it  compels  him  to 
gathor  together  the  various  elemeuts  of  which  that  character  is  com- 
poMtd  and  condense  them  into  a  decisive  act.  In  the  case  of  a  nation 
tb«  contrary  occurs.  The  crisis  dissolves  the  bands  which  bind 
national  character  together,  and  sets  some  of  its  elements  against 
others.  All  arc  equally  necessary ;  they  must  ultimately  be  reeom- 
biued  and  reabeorbe<] ;  they  do  not  really  exist  in  the  form  in  which 
they  show  themselves  under  the  exigencies  of  conflict.  Revolutionary 
epochs  may  be  the  most  interesting,  but  they  are  not  tlie  most  instruc- 
tire.  They  may  show  us  forcible  oharactc'rs,  but  these  cliaracters  are 
rarely  attractive.  They  may  emphasise  national  characteristics,  but 
they  do  not  show  them  in  the  form  in  which  they  really  work.  It 
is  true  that  a  decisive  choice  will  be  made  which  elements  are  to  be 
dominant  in  the  new  combination.  So  for  as  those  elements  wero 
unknown  and  onsuspcctod  before,  the  interest  lies  in  discovering  their 
origin  and  the  source  whence  they  drew  their  power.  Tho  picturesque-' 
naM  cif  revolutionary  periods  is  really  dramatic  and  psychological, 
not  strictly  historical. 

Wo   come  back,  therefore,  to  the   position   that  history   is  pic- 

^kaKlflque  at  those  epochs  when  national  ten<k>ncies  are  expressed  in 
uuiinduftl  character«,  and  when  the  consciousness  of  this  fact  creatot 
^Jtt^rary  study  of  those  characters  which  is  given  in  considerable 
Mail.  It  is  worth  while  to  go  a  step  further,  and  consider  what  may 
M  learned  from  this  fact.  Perhaps  this  may  best  bo  done  by 
refcRowe  to  the  history  of  our  own  country,  with  which  we  are  most 
fiuniliar. 
English  history  is  not  Tery  picturesque.  It  has  not  produced  • 
Ur|{e  niuuber  of  striking  situations  or  of  strongly  markul  characters^ 
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It  is  bj  BO  meuxa  ridi  in  memoin,  and  the  most  sturing  tunes  hsTe 
not  called  fbrtb  tiie  most  Tiritl  deacription  of  their  incidents.  There 
is  BO  brilliant  biography  of  OliTor  Cromwell,  for  instance,  by  a  cod* 
tenaporary.  We  have  to  piece  together  materials  for  the  character* 
of  Henry  TTIL,  Elizabeth,  Mary  QneeJi  of  Smts,  and  Charles  L  No 
OBO  at  the  time  attempted  to  grasp  them.  The  dramatic  moments  of 
their  careers  were  only  dimly  and  imperfectly  felt.  Let  mo  illnstrata 
what  I  meant  when  I  said  that  it  waa  impossible  for  later  writers  t4>i 
create  deeper  impreesionB  than  were  present  in  the  minds  of  con 
temporaries.  Two  sitnations  occur  to  me  as  snrpaasing  all  others  in 
ICngliah  history  in  viridness  and  dramatic  effect ;  they  are  the  mnrder 
of  St.  Thomas  of  Canterbury  and  the  death  of  Wolsey.  This  is 
entirely  doe  to  the  fact  that  they  profoondly  moTed  men's  minds  at 
the  time,  and  are  recorded  in  langnage  which  is  fall  of  the  emotion 
so  engendered.  Both  were  regarded  as  great  and  significant  cata- 
strophes, important  in  themselves  and  in  their  resolts.  The  death  of 
Wolsey  is  a  remarkable  instance.  In  ontward  circamstance  it  is 
inferior  to  the  execution  of  More  or  the  burning  of  Cranmer.  Yet 
it  remains  more  picturesque.  We  feel  that  More  and  Cranmer  fell 
in  a  way  like  soldiers  on  the  field  of  battle.  They  shared 
fortunes  of  their  cause,  and  onr  interest  lies  in  discovering  the  e 
point  on  which  they  took  their  intellectual  stand,  and  laid  down  tbi 
lives  rather  than  take  a  step  further.  But  WolMy  is  a  type  of  humaal 
fortunes,  of  the  inherent  limitations  of  man's  endeavoars,  of  tho  suddefl 
reversal  of  high  hopes,  of  the  restless  chafing  of  an  imprisoned  spirit, 
and  its  final  despair.  This  position  arises  from  the  literary  skill  of 
his  biographer,  Cavendish,  reflecting  doubtless  the  permanent  im- 
pression of  his  time,  and  expressing  with  deepening  melancholy  the 
profound  pathos  of  the  wreckage  of  a  life.  This  intensity  of  feeling 
could  not  havo  gathered  round  an  ordinary  career,  bat  was  engendered 
by  the  profound  conviction  that  with  tho  fall  of  Wolsey  England  had 
entered  upon  a  new  course  in  its  national  life — a  course  the  end  and 
goal  of  which  no  man  could  foresee.  Wolsey  had  striven  to  make 
England  powerful  in  a  changing  world.  He  had  created  forces  which 
he  could  not  restrain  within  the  limits  which  his  prudence  had  pre- 
scribed. There  was  deeper  emotion  at  the  downfall  of  him  who 
strove  to  keep  the  peace  than  over  the  sad  fate  of  combittants  on  cither 
side  when  once  war  bad  been  proclaimed.  It  is  only  the  pen  of  one 
who  is  conscious  of  living  through  such  a  crisis  that  can  be  instinot 
with  real  feeling  and  can  convey  that  feeling  to  after-times. 

It  is  curious  to  observe  that  tLeae  two  instances  of  Thomas  of 
Canterbury  and  Wolsey,  are  both  cases  of  men  who  pursued  clear 
and  decided  objects,  and  wl)ose  characters  consequently  detached 
themselves  from  the  general  background  of  contemporary  life.  The 
objects  which  they  pursued  were  not  in  either  case  popular,  and 
they  bad  to  trust  mainly  to  their  own  rawlutoncss  and  skill  for 
ultimate  success.  Hence  came  the  attraction  of  their  characters  for 
their  biographers.     TLey  were  men  who  could  bo  studied  aud  de* 
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ocribed  in  tbemmlTes,  apart  from  the  resnlts  of  their  actions,  lu 
fact,  any  estimate  of  or  ejinpathy  with  their  line  of  action  was  entirely 
secondary  to  the  interest  of  the  men  themselves.  In  this  sense  they 
reaemble  the  subjects  of  Italian  or  French  history.  They  rose  to 
power  by  their  own  capacity,  and  they  nsed  their  position  consciously 
for  the  furtherance  of  objects  which  they  delibei-atcly  selected  for 
themsclres.  It  is  this  which  gives  a  pictnresquo  interest  to 
characters  in  history.  We  are  most  easily  attracted  by  a  sense  of 
completeness  and  self-determination.  This,  indeed,  is  the  artistic 
quality  in  character,  and  alone  admits  of  clear  and  forcible  delineation. 
Opportunism,  however  saccessfol,  cannot  well  be  depicted  clearly ;  it 
most  be  considered  by  reference  to  a  number  of  possibilities,  and 
challenges  our  judgment  at  every  step.  A  man  who  is  doing  his  best 
under  untold  difficaltios  may  be  heroic,  but  he  rarely  enjoys  any 
great  moments  which  set  forth  his  heroism  in  a  striking  way.  Our 
judgment  may  after  a  long  survey  recognise  his  worth,  but  that  does 
not  make  him  picturesque.  William  the  Silent  can  never  fill  a  large 
eaDTBS,  great  as  was  his  contribution  to  the  best  interests  of  tho 
world. 

The  pictnrosqneness,  then,  of  the  history  of  any  nation,  or  period, 
depends  upon  the  possibility  of  an  individual  detaching  himRelf  irom. 
ordinary  life  in  such  a  way  as  to  express  in  himself  its  UDconscioas 
tendencies.  The  possibility  of  such  individual  detachment  depends 
on  the  ideas  on  which  the  ordinary  life  of  tho  nation  is  fmiDded.  K 
Umm»  ideM  are  to  be  represented  by  a  }>crson,  they  must  be  compara- 
tively simple.  For  this  reason  great  crises  in  a  nation's  history  are 
Htub  noat  picturesque,  for  they  simplify  national  ideas  by  forcing  ono 
or  two  great  principles  int<}  temporary  supremacy  over  all  else.  Yet 
•ven  in  great  crises  England  has  not  brought  forth  clearly  repre- 
Mtttative  characters.  Oliver  Cromwell,  fur  instance,  was  tho  executor, 
rather  than  the  representative,  of  the  principles  of  the  Great  Robcl- 
Hoa.  They  were  never  definite  enough  to  bo  Bummed  up  by  any 
iodividnal.  However  highly  we  may  rate  CromweU's  capacity, 
we  cannot  make  him  ont  as  eminently  picturesque,  or  place  him  by 
the  side  of  Napoleon. 

Wo  may,  1  think,  go  a  step  further.  The  ideas  on  which  national 
life  are  founded  may  be  ultimately  reduced  to  the  national  conception 
of  liberty.  Ultimately  each  man  values  tho  s<^>ciety  of  which  ho 
finuB  part  for  tho  opportunities  which  it  affords  him  of  doing  or 
being  what  he  wishes  to  do  or  bo. 

Now  there  is  a  difference,  which  is  not  always  recognised,  in  the 
BMaaing  of  liberty  to  different  peoples.  It  would  bo  a  Inng  matter 
to  attempt  to  explain  thii^  diffurunce  in  detail  aud  account  fur  it.  But 
we  may  say  generally  that  it  dej)onJs  on  tho  way  in  which  the  rights 
of  the  individual  arc  regardwl  in  relation  to  tho  rights  of  the  cuni- 
launity.  Let  uc  apply  thin  to  the  iustanceK  <jf  picturei^qucucss  which 
I  have  taken,  lu  Italy,  iu  tho  sixteenth  century,  the  communities 
wefc  so  noall,  and  their  position  was  so  precarious,  that  men  longed 
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for  tbe  growth  of  a  HAtional  Spirit,  m  the  limits  in  which  their  actual 
life  wts  lired  were  too  narrow  to  expren  that  life  in  its  folneaa.  A 
nation  could  onlj  be  formed  b3r  the  power  and  influence  of  a 
dominant  and  reeolnte  personality.  Hence  men  were  bo  interested 
in  the  development  of  cnch  a  pereon&Uty  that  thej  were  ready^  to 
watch  Tarions  experiments  and  to  endure  mach  tyranny  in  the  hopes 
of  final  Bncoess.  This  created  a  corioaa  aooentnation  of  the  ralne  of 
indiridoal  character,  and  an  absence  of  any  sense  of  its  limitatious 
which  was  nndonbtedly  fitted  to  prodace  pictoresquenefis,  bat  had 
eerioas  drawbacks  in  practice. 

In  the  same  way,  the  historical  oircnmsiadces  of  the  oonaolidatioo 
of  the  provinces  of  France  under  the  Monarchy  developed  a  high  ap- 
preciation of  individnal  character ;  and  the  keenly  logical  intelligence 
of  the  French  mind  gave  it  a  permanent  place  in  literatore. 

England,  on  the  other  hand,  became  in  early  times  an  organised 
commnnity,  and  there  was  no  violent  break  in  the  pursnit  of  this  or- 
ganisation. I  cannot  now  trace  in  detail  the  resolts  of  the  different 
coarse  of  English  and  French  liistory  sjj  reflected  in  the  characten  of 
the  people.  Bat  this  at  least  is  obvious:  the  average  Frenchman 
conceives  of  himself  as  having  a  right  to  gratify  his  individnal  desires, 
without  thonght  of  others,  to  a  degree  unknown  to  the  average 
Euglinhman.  French  civilisation  is  concerned  with  the  arrangement 
of  the  externals  of  life  in  the  most  comfortable  way.  English  civili- 
sation is  concerned  primarily  with  political  institntioufi  and  with 
the  orfjanisation  of  the  activities  of  life.  The  Frenchman  conceives 
himself  as  an  individnal,  the  Englishman  conceives  himself  as  part 
of  a  community.  The  Frenchman,  though  we<lded  to  his  own  ctinntryi 
and  having  no  desire  to  leave  it,  still  considers  himself  as  a  citisen 
of  the  world.  The  Englishman,  though  a  rambler  and  an  adventurer^ 
ready  to  make  his  home  anywhere,  still  considers  himself  an  English- 
man wherever  he  goes.  France  took  for  tho  motto  of  its  aspirations 
"Liberty,  Fraternity,  Equality."  I  believe  that  if  England. had  had 
occasion  to  formulate  its  aspirations  in  the  same  way,  its  motto  would 
have  run  "  liiborty,  Justice,  Duty." 

Now  picturesqucness  is  obtained  by  isolating  men  from  their 
Snrroundings,  by  getting  clear-cut  situations.  To  this  a  Frenchman 
lends  himself ;  ho  is  accustomed  to  tbink  and  act  by  and  for  himself!  An 
Englishwatt  objects  to  isolation  ;  however  much  ho  may  be  alone,  anJ 
however  dccididly  he  may  act,  it  is  ns  a  representative  of  England, 
with  a  nmsB  of  national  tradition  bbbind  him,  which  he  wonld  not 
rid  himself  of  if  he  oonld.  JTo  will  take  enormous  responsibility 
uptm  himself,  but  while  taking  it  repHdtfit<'8  it.  He  minimist-s  hi« 
own  individual  part  in  what  he  docs,  and  is  persistc  ntly  apologetic. 

I  think  I  can  illnstrate  tny  meaning  from  our  literature.  Shake- 
ppcarohas  shown  with  curious  insight  the  difference  between  northern 
and  southern  peoples.  Othello  and  Romeo,  when  touched  with  passion, 
are  pure  individuals,  and  act  entirely  with  reference  to  their  own 
feelings.     The  difEoulties  of  Hamlet  lay  in  tho  fact  that  he  could  not 
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forgot  that  bo  was  beir  to  the  throno  of  Denmark,  and  conld  not  act 
in  snch  a  way  that  righteons  vengeanco  should  seem  to  be  private 
UDlittion.  He  cotlld  not  escape  from  hie  attachment  to  society,  and 
tkerefuro  be  vrill  always  fail  to  have  the  pictnresqadness  which 
belongs  to  individnal  detachment. 

I  have  been  speaking  of  picturesquonoss  in  its  ordinary  Beuse. 
The  npehot  of  my  remarks  is  that  in  proportion  as  history  is  pic- 
tare«qae  in  tliis  sense  it  ifl  not  really  history.  For  history  is  con- 
cerned with  the  life  of  the  community,  and  picturcsqucnesa  with  the 
eharacter  of  indiridnals.  Bnt  there  is,  I  think,  a  larger  and  truer 
pictnreaqneneaa,  which  may  be  found  not  in  details  bat  in  principles. 
The  great  object  of  history  is  to  trace  the  continuity  of  national  life, 
and  to  diaoover  and  estimate  the  ideas  on  which  that  life  is  founded. 
Indiriduals  are  only  valuable  as  they  express  those  ideas  and  embody 
that  life.  Such  expressions  are  often  tu  be  foUud  in  lowly  places,  and 
are  manifested  in  iucouspicuous  lives.  It  is  the  true  function  of 
history  tu  discover  and  exhibit  them  wherever  they  may  be.  In  our 
own  hiHtory,  at  all  events,  I  am  convinced  that  wo  need  a  heightened 
Miuc  of  tlie  causes  which  produced  those  qoalities  which  have  created 
tbs  British  Empire.  The  most  picturesque  hero  is  the  English  pooplo 
itself,  growing  through  manifold  training  into  the  full  manhood  which 
it  still  enjoys.  What  made  it?  What  principles  does  it  embody? 
How  may  these  principles  be  enlarged  in  view  of  its  great  and  growing 
responsibilities?  These  are  questions  which  have  an  undying 
intcrmt,  and  men's  minds  are  being  more  and  more  turned  towards 
them.  For  us,  at  all  events,  the  highest  imaginative  charm  gathers, 
aot  round  individuals,  but  round  the  growth  of  our  conceptions  of 
public  duty.  To  trace  the  growth  of  that  body  of  ideas  which  make 
up  England's  contribution  to  the  world's  progress,  to  estimate  their 
defects,  and  to  consider  how  they  may  be  increased  by  broader 
ajmpatliifs  and  greutor  teachableness — this  is  a  task  which  requires 
die  qnalitiee  at  once  of  a  scientific  explorer  and  of  a  cousummato 
artist. 
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As  an  introduction  to  the  discoarse  for  this  evening,  I  feel  it  my 
duty  to  call  attention  to  the  broad  meaning  which  it  now  seenu 
necessary  to  apply  to  the  word  Seismology.     Only  a  few  years  ago 
the  occupation  of  the  soismologist  was  strictly  confined  to  the  study 
of  sudden  moveinents   which  from  time  to  time  take  place    in  tbe 
crust  of  our  earth.     These  movements,  although  sometimes  riolen^^H 
were  to  him  transient  phenomena  which  seldom  continued  iongi^| 
than  a  few  seconds,  or  at  the  moet  one  or  two  minutes.      Keoent 
investigations  have  shown  that  the  same  disturbances  are  preceded 
by  minute  tremors  which,  under  certain  conditions,  may  lai>t  msBj 
minutes,  whilst   after  all  moTcment   to   which  wo  ore  scnsihle  has 
ceased,  the  ground  may  palpitate  for  many  hotir*.     Another  set  of 
phenomena  to  which  attention  is  now  directed,  are  the  earthquakes 
which  are  repeated  many  times  per  year  in  every  country  in  the 
world,  which  by  our  unaided  senses  are  passed  by  unnoticed.     In 
Bhort,  the  unfelt  evidences  of  seismicity  are  much  more  general  thu     I 
those  which  are  accompanied  by  destruction  and  alarm,  and  a  nev      ■ 
Beismology  has  been  discovered  which  is  at  least  as  imjKtrtant  of 
the  old. 

Now  that  we  are  assured  that  the  greater  number  of  earthquake! 
are  but  intermittent  accolerations  in  the  more  general  movements  of 
rock  folding  and  rock  crushing,  to  separate  the  aQUoancemeote  thtt 
these  mighty  changes  are  in  operation  from  the  changes  themselveti 
is  to  separate  an  infant  from  its  parent,  an  efibct  from  its  causa 
Besides  these  legitimate  relations  uf  earthquakes,  the  praotict! 
seismologiet  finds  that  he  often  records  movements  of  a  qnasi^seismio 
origin,  together  with  others  like  diurnal  waves,  and  tremors  wbick 
£nd  an  explanation  in  causes  external  to  the  surface  of  our  earth. 
Tbese  latter  are  at  present  witbout  a  home,  and  although  they «« 
non-seismic,  in  many  instauces  at  len«t,  they  represent  actual  move- 
ment in  the  ground,  and  seismology  finds  itself  in  the  position  <A 
foster-mother  to  strange  children.  These  various  movements  which 
take  place  within  and  on  the  surface  of  tlie  earth,  the  study  of  which 
may,  until  we  find  a  more  suitable  word,  be  embraced  under  the  tent 
seismology,  are  indicated  in  the  following  table: — 
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1.  BradjBeismic  or  slow  secular  changes,  recsalting  in  the  olevation 
or  depreesioo  of  conntriea  and  mountain  ranges. 

2.  Socalar  flow  or  crush.    Of  this  wo  have  only  indirect  evidence. 

3.  Annual  or  longer  period  changes  in  leveL 

4.  Earthquakes  or  accelerations  in  bradyseismic  action  or  seoolar 
flow.     Volcanic  earthquakes.     Sea  wares.     Air  waves. 

5.  Unfelt  earthquakes,  common  to  all  countries. 

6.  Irregular  changes  in  level  completed  in  a  few  minutes,  or  in 
Biuiy  days. 

7.  Diurnal  waves. 

8.  Tremors,  or  mieroaeisma  and  polsations.  Possibly  in  part 
attnospberic  movements. 

The  advances  that  have  been  made  during  recent  years  by 
recording  movements  which  may  jHjssibly  have  a  bradyseismical 
character  are,  as  compared  with  the  information  derived  from  the 
study  of  the  other  movements  with  which  we  have  to  deal,  but  few 
in  number.  Both  in  Germany  and  in  Japan,  horizontal  pendaluma 
have  been  carefully  installed  underground,  and  it  has  been  found 
that  in  both  instances,  as  ^nth  the  levels  of  Plantamour,  although 
there  is  an  annual  change  in  inclination  which  cannot  be  accounted 
iar  by  soaaonal  changes  in  temperature,  there  is  for  periods  of  several 
jMf*'  duration  a  continuous  tilting  in  one  direction. 

A  very  curious  observation  made  in  Tokio,  was,  that  very  often 
for  aeveral  days  before  a  local  earthquake,  a  horizontal  pendulum 
would  gradually  wander  towards  the  west.  Although  such  a  sequence 
in  phenomena  may  have  been  accidental,  because  it  Ima  been  sho^vn 
by  observation  with  seismographs  founded  on  the  solid  rock  that  the 
greatest  and  most  frequent  motion  is  in  the  direction  of  the 
dip  rather  than  parallel  to  the  strike,  indicating  that  the  direction  of 
folding  ifl  a  direction  of  pronounced  yieldin^^,  whilst  slow  chaaf^o  in 
leval  ia  apparently  most  pronounced  in  districts  where  mountain 
growth  is  poasibly  yet  in  progress,  we  see  in  the  Japan  observatioua 
an  indication  of  the  possibility  that  crioee  in  bradyseismical  motion 
may  be  foretold. 

I  learn  from  Col.  J.  Farquharson,  R.E.,  Director  of  the  Ordnance 
Barrej,  that  some  years  ago  the  question  whether  during  recent  years 
tbere  bad  been  any  changes  in  level  in  Britain  was  carefully  tested 
in  Lancashire  and  Yorkshire,  under  the  direction  of  Sir  Charles 
Wilson.  Tbe  first  levelling  in  these  counties  was  carried  out  between 
1843  and  1850,  and  the  second  between  1888  and  1894.  Excepting 
in  the  ooal  and  salt  districts,  no  material  changes  were  found  to  have 
taken  place.  It  is,  however,  to  be  remembered  that  this  re-levelling 
was  confined  to  lines  of  level  along  roads,  and  whether  there  have  or 
hsTS  not  been  any  changes  in  the  height  of  hills  or  mountains  since 
tbs  first  neasorements  wore  made  we  do  not  at  present  know. 

OiM  nathod  of  measoring  bradyfloismical  effects  within  a  period 
of  tbiM  or  four  years,  and  to  determine  liow  far  such  movcmcuts  may 
bs  CB— octod  with  the  occurrence  of  earthquakes,  would  be  to  estab- 
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lifih  in  B  suitable  district  a  triangnlar  arrangement  of  three  sets  of 
levels,  the  distanco  between  each  set  being  several  miles.  All  the 
instrnrncnts  should  be  on  the  rock,  and  displacGineuts  parallel  and  at 
right  angles  to  the  dip  shonld  be  recorded. 

A  summary  of  all  the  advances  which  have  of  late  years  been 
made  in  the  study  of  earthquakes  would,  in  great  meaaare,  be  found  in 
an  epitome  of  the  twenty  volumes  which  since  1880  have  been  published 
by  the  8eiamological  Society  of  Japan,  a  work  which  is  being 
actively  continued  by  a  committee  supported  by  the  Japanese 
Government. 

Previous  to  1878  our  knowledge  of  the  chartoter  of  earthquake 
motion  was  largely  dependent  upon  the  effects  such  motion  produced 
upon  various  bodies  and  upon  our  senses.  To  correct  and  oxtoud 
this  knowledge,  students  of  earthquakes  in  Japan  at  about  this  time 
devoted  nearly  their  whole  attention  to  seismometry,  first  testing  pre- 
existing forms  of  apparatus,  and  then  experimenting  with  forms 
which  were  new.  Those  instrimients  which  were  intended  to  record 
the  rapid  and  violent  movements  of  the  ground,  whether  these  were 
in  a  vertical  or  horizontal  direction,  did  this  relatively  to  a  mass  so 
suspended  that,  although  its  supports  wero  moved,  a  point  in  this 
mass  remained  practically  at  rest.  An  account  of  these  seismographs 
was  in  1888  given  to  this  Institution  by  Prof.  J.  A.  Ewing,  F.R.S. 

For  earthquakes  in  which  there  was  a  vertical  component  of  motion^ 
however,  it  was  soon  noticed  that  these  "  steady  points  "  were  swung 
from  side  to  side  by  tilting,  and  instruments  Lad  then  to  be  devised 
to  measure  angular  displacements.  Following  these  came  a  class  of 
instruments  intended  to  record  the  slow  undulatory  and  often  unfelt 
earthquake  motions.  These,  together  with  a  group  of  tromometers  or 
tremor  measurers — apparatus  to  record  the  time  at  which  shocks  bod 
occurred — resulted  in  the  development  of  a  group  of  instruments 
which  would  require  for  their  description  a  volume  on  Seismometry, 
and  it  is  fair  to  say  that  tlie  seismometry  of  Japan  revolutiomsod  &e 
seismometry  of  the  world. 

After  the  new  inventions,  the  story  of  which  forma  one  of  the 
most  important  in  Japanese  seismology,  records  were  obtained  which 
showed  that  the  impressions  we  had  with  regard  to  earthquake  move- 
monts  had  been  widely  incorrect,  whilst  they  also  indicated  that  our 
estimates  in  mechanical  nails  of  seismic  destructivity  had  been 
foimded  on  a  wrong  hypothesis.  Having  given  the  dimensions  of  a 
body  that  has  been  overturned,  or  tlio  dimensions  and  tensile  strength 
of  a  wall  or  column-like  structure  that  has  been  shattered,  we  are 
now  in  a  position  to  calculate  the  acceleration  to  which  the  same  has 
been  subjected,  and  the  result  arrived  at  is  not  far  removed  from 
calculations  of  the  same  quantity  derived  from  the  diagrams  obtained 
at  the  same  time  and  at  the  same  place  from  a  seismograph.  Inves- 
tigations of  this  description  have  been  applied  with  marked  snooeos  to 
construction,  and  as  uew  engineering  works  and  new  buildings  spring 
op  in  Japan,  we  see  that  rules  and  formulm  are  followed  which  arc 
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nnknonm  and  not  roqnired  in  coantries  free  from  eftrthqnakes.  That 
these  rules,  which  take  into  consideration  that  otructures  have  to 
withstand  stresses  dae  to  more  or  less  horizoatal  displacements  at 
their  foundations,  have  been  followed,  is  in  itself  a  testimony  that 
engineers  regitrd  them  as  being  worthy  of  consideration,  and  we  now 
feel  Msnrod  that  when  au  earthquake  like  that  of  1891,  which  cost 
Japan  10,000  lives  and  an  expeuditnre  on  repairs  of  at  least 
80,000,000  dollars,  ia  repeated,  the  losses  will  bo  comparatirely 
trifling.  That  the  new  departures  in  engineering  and  building 
practice  have  proved  beneficial  has  been  repeatedly  demonstrated. 
Because  expcritaonta  showed  that  earthquake  motioa  at  a  compara> 
tively  aballow  depth  was  somewhat  less  than  what  it  was  upon  the 
snrfaoe,  a  amnber  of  modem  and  important  bnildings  in  Tokio  have 
bad  given  to  them  deep  foundations  and  are  surrounded  by  open  areas. 
On  several  occasions  these  buildings  have  stood  unimpaired  whilst 
ndgbbouring  structures  have  been  badly  shattered. 

The  tall  ohimneya  of  factories,  as  well  as  those  of  ordinary- 
dwellings,  have  been  so  far  modified  that  the  new  forms  stand  whilst 
the  old  forms  fall.  The  greatest  material  benefits  which  seismology 
has  conferred  upon  Japan  will,  however,  probably  bo  found  in  tho 
radical  changes  which  are  taking  place  in  the  construction  of  ordinary 
dwellings. 

One  application  of  seismometry  to  the  working  of  railways  in 
Japan  has  resulted  in  a  saving  of  fuel  of  from  1  lb.  to  6  lbs.  of  coal 
per  mile  per  locomotive.  In  these  and  other  ways,  by  following  up 
inittutives  created  during  tho  last  twenty  years,  Japan  bos  reached 
a  high  position,  if  not  foremost,  amongst  nations  who  have  given 
attention  to  seismology.  Tho  Government  of  that  empire,  recog- 
Biaing  the  valne  of  what  has  been  already  accomplishod,  and  that 
much  more  is  yet  open  to  investigation,  have  at  their  university 
attililiBhed  a  Chiair  of  Seismology,  a  committee  which  is  liberally 
■mmrted,  to  make  investigations  relating  to  earthquakes  and  their 
dfceta,  and  a  seismic  survey  of  their  empire. 

Wiun  we  remember  that  a  single  earthquake  has  often  cost  Japan 
a  far  grekter  loss  of  life  and  an  expenditure  of  public  funds  at  least 
eoa|MXable  with  tbnt  accompanying  her  recent  war,  it  is  not  romurk- 
tUm  tfast  ber  chief  interest  in  earthquakes  has  been  directed  towanis 
to  mitigate  their  effects;  by  doing  which,  whilst  conferring 
oo  herself,  she  has  also  conferred  benefits  upon  the  earthquake- 
ooontriee  of  the  world.  Notwithstanding  this,  questions  of 
istcreat  to  science  have  not  been  overlooked.  The  object  of  ouo  series 
of  experiments,  which  were  carried  out  at  intervals  extending  over 
wvcEkl  jreaia,  was  to  measure  tho  velocity  with  which  disturbances  pro- 
dneed  by  ezploeions  of  dynamite  and  other  substances  wore  propagated, 
and  to  study  tho  character  of  the  vibrations  as  they  radiated  from 
their  Muurce.  Near  to  an  origin  a  clear  separation  between  normal  and 
tnavrene  movements  was  observable,  which  at  distances  exceeding 
50  or  100  feet  was  lost.     Single  waves  as  they  spread  outwards  wuro 
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Been  to  gradually  change  into  double  waves.  The  velocity  of  propa- 
gation evideutly  increased  with  the  intensity  of  the  initial  impulse; 
it  was  greater  for  vertical  and  normal  than  for  transverse  waves,  and 
vibrutiiins  generally  wore  propagated  more  rapidly  to  stations  near 
an  origin  than  between  stations  at  some  disbinco  from  the  same. 
These  and  many  other  results  were  couErmed  and  extended  by 
rec^irdfi  obtained  from  a  series  of  nine  seistnometric  stations  situated 
on  a  ])lot  of  groDnd  the  area  of  which  was  only  a  few  aorbs.  In  these 
investigations  the  records,  which  were  drawn  upon  the  surfaces  of 
smoked  plates,  were  those  of  real  earthquakes.  The  motion  on  one 
side  of  this  gronnd  was  invariably  so  much  greater  than  it  was 
900  feet  distant  upon  the  other  side,  that  it  offered  an  explanation 
for  the  peculiar  distribution  of  ruin  so  often  observed  in  a  city  after 
it  has  been  shaken  by  an  earthquake.  The  bouses  in  one  street 
may  stand,  whilst  others  possibly  not  more  than  100  feet  distant,  also 
standing  on  alluvium,  but  somewhat  softer  in  character,  may  be 
shattered.  From  the  survey  of  a  field,  seismic  investigations  were 
extended  to  the  survey  of  Tokio,  and  then  to  the  survey  of  the 
northern  half  of  Japan.  At  this  point  the  Government  came  to 
the  assistance  of  private  observers,  and  took  under  its  control  the 
survey  of  the  whole  empire,  embracing  an  area  of  140,000  sqoare 
miles,  within  which  there  are  now  close  on  1000  stations  at  which 
earthquakes  are  recorded. 

The  results  of  this  undertaking  are  not  at  present  fully  known. 
What  we  have  learned  is  that  during  the  last  six  years  the  average 
number  of  shocks  have  been  about  three  per  day,  a  frequency  which 
is  greater  than  that  which  is  usually  given  for  the  whole  world. 

If  we  take  tlie  well-marked  earthquake  districts  of  the  world  and 
give  to  them  frequencies  one-third  of  that  in  Japan,  it  would  not  be 
an  over-estimate  to  say  that  10,000  movements  sufficiently  strong  to 
be  felt  and  shake  considerable  areas  of  our  planet  occur  every  year. 
Five  thousand  of  these  come  from  the  home  of  our  deep-sea  cables. 

The  Japan  earthquakes,  like  those  of  South  America,  mostly 
originate  on  the  side  of  the  country  which  slopes  steeply  down  beneaUi 
the  Pacific  Ocean.  In  fact,  it  may  be  taken  as  a  rule  that  whenevsi 
ground  over  a  considerable  distance,  which  I  will  take  at  120  geogra- 
phical miles,  baa  an  average  slope  greater  than  1  in  50,  in  suob 
districts  under  the  influence  of  brodyseismical  bending  or  of  secular 
crush  round  the  base  of  the  continental  domes,  earthquakes  are 
frequent.  From  Japan  to  beneath  the  Pacific,  slopes  of  1  in  35 
occur,  whilst  on  the  coast  of  Peru  slopes  as  great  as  1  in  16  nuty 
be  found.  The  volcanic  districts  of  Japan  which,  like  those  of  Sou^ 
America,  ore  found  along  the  upper  pan  of  a  bradyseismio  fold,  are 
singularly  free  from  earthquakes,  and  the  times  of  seismic  and 
volcanic  activity  show  no  marked  connection. 

The  analyses  of  the  Japan  records,  as  a  whole,  as  with  the  analysis 
of  the  records  of  most  other  coantries,  show  a  marked  annual  aai 
semi-annual  periodicity.     The  former  of  these,  which  shows  a  winter 
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maximum  for  both  hemispheres,  is  attributed  by  Dr.  C.  G.  Enott  * 
tu  the  faot  that  in  winter  we  have  large  accumulations  of  snovr  and 
steeper  barometric  gradients  thaa  in  saiDiqcr,  and  it  is  these  inequa- 
lities of  streiiB  of  I>>ng  continuance  which  canae  yieldings  to  be  more 
frequent  at  one  season  rather  than  at  another. 

The  most  important  feature  in  the  Japanese  records,  which  givea 
to  them  «  value  greater  thtui  thoso  of  any  other  country,  is  the  fact 
that  the  TariouB  shocks  may  be  classified  according  to  the  district 
fnim  which  they  originated,  and  at  the  same  time  a  value  or 
weight  can  be  given  to  each,  according  to  the  area  it  disturbed,  whilst 
primary  and  eeoundary  shocks  con  be  readily  separated  from  each 
other. 

The  advantage  of  such  tAblea,  when,  for  example,  we  seek  for  a 
poMible  oonaection  between  certain  lunar  influences  or  the  rising  of 
the  tiile  npon  a  coast,  because  such  influeaces  are  at  a  maximum  in 
different  districts  at  ditferent  hours,  is  at  once  apparent,  whilst  all 
■nrj)rise  that  investigators  who  have  only  had  at  their  disposal  tables 
of  earthquakes  the  origins  of  which  have  been  in  widely  separated 
districts  have  failed  in  establishing  laws,  which  we  might  anticipate, 
at  uncv  liistipptuirs. 

Thanks  to  the  liberality  and  foresight  of  the  Japanese  Govem- 

t,  we  are  now  in  a  position  to  make  investigations  hitherto 
itu{>oHsible,  arid  to  confirm  or  disprove  very  many  of  the  results  of 
provious  investigators.  Dr.  Enott,  who  is  engaged  upon  these  volu- 
minous statistics,  finds  a  confirmation  of  the  law  of  Perry  that  there 
\M  a  maximum  in  earthquake  frequency  near  the  time  of  perigee ; 
that  tboro  are  maxima  associated  with  the  moon's  declination;  its  con- 
junction with  the  sun  ;  the  time  of  the  moon's  meridian  passage; 
and  ilje  ebb  and  flow  of  tides.  Until  these  investigations  have  been 
oompleted  and  published,  their  importance  cannot  be  fairly  estimated. 
Dr.  F.  Omori  has  pointed  out  the  existence  of  diurnal  and  semi- 
diurnal {wiriiKlicities,  and  that  the  frequency  of  aftor-shocks  follows 
fairly  definite  laws  ;  the  fonner  of  which  investigations  has  by  rigid 
treatment  been  cnipbosised  and  extended  by  Dr.  C.  Davison. 

Many  investigations  have  been  modo  to  discover  a  relationship 
ttetveea  seismic  phenomena  and  tiiose  of  an  electric  or  magnetic 
flfaaracter,  but  the  only  certain  result  is  to  sliuw  that  the  artificial  or 
aotaal  abaking  of  the  ground  near  to  an  earth  plate  may  be  accom- 
panied by  temporary  currents,  whilst  the  diaplacoiuout  of  large  bodies 
of  strata,  as  for  example  those  which  acoompaniod  or  caused  theeartb- 
qoaku  uf  1891,  may  result,  as  pointed  out  by  Prof.  Tanakadato,  in  a 
pemianont  readjustment  in  the  relative  position  of  the  isomagnetica 
is  a  district. 

After  this  earthquake,  the  cause  of  which  was  attributable  to  the 
todd«a  fraotaring  of  rooks,  the  line  of  which  is  traceable  on  the 
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mirfiu'P  iiror  n  iliHtniirn  of  40  milos,  many  opportanities  presented 
lli(>iiiM(lvi>H  for  Mio  oliwtrviitiou  of  Houiid  waves.  Often  a  sobtemuieui 
liitnin  WRH  liiinni,  iiiimMV)iii|iiiiit(Hl  by  anj  BODsiblo  shaking,  but  mora 
fn<i|iioiil,Iy  il  wiw  n  wnrniiig  tliai  withiu  a  Tory  few  seconds  tiiere  would 
lii>  n  inon«  or  loiw  viulont  Hliakin^. 

I  r  wo  nMiinno  Uiat  tlio  luinndH  originated  at  the  same  foci  as  the 
nfl^tr-Nhita'kH,  lhi«  volooity  willi  which  the  former  were  transmitted  wm 
thoii>foiii  highi'r  than  tliat  at  which  the  latter  wore  transmitted.  But 
iiinNiiiiiuh  aH  oliNorralion  hIiowihI  that  the  earth  waves  had  a  relodtr 
iH<ri<ii  linhw  an  ^nmt  ah  an  air  wave,  the  conclusion  is  that  wbatem 
limy  Ih>  the  nuvhnnionl  aotiou  jtrivlnoing  the  earthquake  sound,  it  it* 
vihi  n1<«rr  ntttii<<ii  tnuiitinill<Hl  through  the  rocks ;  and  becaose  it  is  never 
rtn<iiM«>  nl  itiniir  luHoa  distant  from  itsBourco,  the  vibrations  pzodnds; 
it  <<ithor  ni)«i«Uy  «lio  out  or  changi^  in  character. 

AuoHuu'  intcn^iiling  inrostigatiou.  which  is  by  no  means  complfud. 
hnii  K>«M\  to  iioto  Iho  otfootx  pnviuood  by  earthquakes  upon  the  low 
aniuinlii,  Kovoral  of  whioh  art^  ap|iarontly  more  alive  to  the  ^••naunu* 
\^(  »iiiuil«^  tn^mom  than  human  Iving*.  The  effect  prodnoed  by  akA- 
qiinkoK  on  himian  Iviugs.  whioh  }Mirt3fkke$  laiyely  of  an  emoticmal  tai 
nt.Mntl  I'hitinotvT.  i«  a  »ubj<vt  *lv>ut  which  many  intereexing  faeu  law 

IVrhAjHi  il)o  grii>«to<i1  triumph  in  soismological  invaccicaxini  if 
tho  fA.M  \h%\  \tv  aro  i:ov  a*sun\l  that  if  a  large  earthquake  oenns  it 
an>  or.o  )\v,-t;on  of  our  glolxv.  it  can  with  snitable  inssmmeus  te 
iNNN\;N)>>.i  i;',  ftv.y  «mV.«t  )v^^ti.^n  I'lf  the  same.  Bectanae  the  rau-  ai  winA 
l';.»v,  ;v..^^v;-.\ -,  t>-  ar.-  pv.  jvajrst.Nl  i*  s»^  very  high,  in  !k:imr  -'>r»"'«» 
S1^■j^v.v>,  V,v,.j;  t'ii!  Vv.'..  avT  s*wiT!.i.  o?  .ior.Vif  she  ntu  al  wLji-i  a  w»vt  <£ 
.SM  ■; ••.\»».-..i;-.  .>.-r.'..i  'j-wss  tl.r.'-'.-.jrV.  st<xl  or  p-lasf^ :  Itecaxuv-  a:  a  cr»«. 
f^ns^T.'kv.  w\-  V-ftw  r,'v,r  r»v.-r.ii\i  i»-o  .i;f:7:rlui=«*  vrijci  vrt  sn-'SJc 
t\j\M  }■*.;  i". :  n.^vomtv-.t  ".Ai'  a  har.imiCiir*l  wkT£  beier  zrvosmitac 
■iv.  ft",",  .;.r«v!Mr.*  7.'!;r.i  thr  i-Arli  .  an.i  f.ufcl^y.  biv&ns£  ij  ariT^acf  nc 
i\-  \v'!.v-.t\  t.-  7VVVT*  tt'i  K  gTi*!  »':siJ»i>M  fr.in:  ar.  iiri^li.  is  LlcrbstaB 
ll«si  to  Tv,i.ris  r."i»i:  ^v".r  luiar  ».-  ti.t  s^rjt..  sit  ci."»nrJnai»L  ice  Wt 
^^?.■•s^■";t  1*  iV;*!:  ',Vi  v.^,x\<T,.  -rtt'iii-T  thaT  :<£iixig  prnnuTMsic  Tocac  ■* 
»\ir'!."i.  •>  ;»"'.-.T^_e*'''.v.  ■'■"•Hf ''  ibi  Si>r.'>c». 

■■.rj»wvi\ ■>  <»v  s>«-<!i,  '-<>"•.<>  ;.3<Ti  :"t.r,w  ^:f"».:  i;p.-iir  ».:«  cSfosz-vtrTisiSf 
ot'  iK'  v.-.i-wii,'.v  o.irs;  ;•.::.;;;:  i:i<  p*.T"n»  Ji.";.ii:j  vLiri  tin-r  Tr£K  *■ 
^^7v.  -i.vi.  iK  ;-..p..rNv„v  .■■:  ;>>w.:i'::>":.-.:.i:.  sjit  u  twctitt 
Oi*!. ■:->>»tor'!-«-  T- .'.".  y.c  fi  ,">. -ops" rati..  u:s:T;:r.)t.i.i>  i,  rfts.-ir£  sii<dk' 
i'».  •v-Tiviife.  ?>■  H'  .v,i»v  :,:ir»i.r«  j  v  T^£  ?..>!.:  .i:'  snri  a  feii:  fc 
T.\  '■.■.■tv".  t^"  4"!ftrrv  .■>»i;  a  s^Tsn^v  s:;r«"sy  ic  Jit  ■wiirii  vroaii.  fc 
it\'  •. 

«i>.'>tvM  v  ;!••;  <i:w-.':'-  ar,n.M:i».i:-.r.it.:.jf  .i:  irr!*:  .ihsassr  .ii:i»i  :-  jmCK 
tiliiwvix  :.>v  n(v^^'•.^^  o:  ji^:-*:.  an;!  .i:  fiisTiirtiii.'^s.  ri:  *.  ai.iT^  i-itSi..  ctne^ 
w^Mj"!.".    ihTo»    hjji-:  r,p>i.  s~.z>t     ■:  iTi?    ■.■>;jir"Tia!    ziatr-.i*' ■. liiinni.   at- 
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whilst,  AS  will  be  sliown  later,  cLanges   in  level,   affecting  astro- 
nomical obsorrations,  would  be  oontinuoasly  recorded. 

From  the  times  at  which  moYemeuts  were  recorded  at  different 
■tations,  it  woald  seem  possible  to  localise  the  origins  of  disturb- 
asoes  which  in  many  instances  are  submarine.  This  wonld  throw  new 
light  upon  clianges  taking  place  in  ocean  beds,  lead  to  the  idoutifica- 
tiun  of  districts  which  those  who  lay  cables  are  desirous  of  avoiding, 
aad  sometimes  enable  us  to  attribute  cable  rapttires  to  natural  rather 
than  to  artificial  canses. 

Another  function  of  instruments  which  record  those  unfelt  moTe- 
mants  is  that  their  records  may  often  be  used  to  anticipate,  confirm 
or  lo  correct  telegraphic  information,  which  are  matters  of  great  im- 
portanco  to  all  communities.  Good  examples  of  work  having  this 
character  are  seen  if  we  compare  the  records  obtained  in  the  Isle  of 
Wight  and  the  telegraphic  information  respecting  the  three  disasters 
which  last  year  were  sooner  or  later  after  their  occurrence  reported 
as  having  taken  place  in  Japan. 

For  some  weeks  our  newspapers  told  ns  that  on  Jnne  17th  the 
eutem  coast  of  Japan  had  been  inundated  by  sea  waves,  and  that 
■omething  like  30,000  people  had  lost  their  lives.  Those  who  hod 
nuon  to  believe  that  either  on  the  16th  or  17th,  Tesecls,  whether 
BBO-of-war  or  merchantmen,  or  even  friends  travelling  on  land, 
were  tu  reach  the  stricken  districts  on  the^  dates,  probably  felt  some 
anxiety  respecting  their  safety.  The  Isle  of  Wight  seismograras 
showed  that  in  this  instance  there  had  been  an  error  connected  with 
telegraphic  transmission,  of  two  days,  the  disaster  having  taken  place 
oa  the  15th,  whilst  on  the  16th  and  17th  all  was  quiet. 

On  August  Slst  similar  diagrams  indicated  that  at  a  distance  of 
about  6000  miles,  and  therefore  probably  in  Japan,  there  had  been  a 
very  violent  disturbance  commencing  at  5.7  p.m.  For  detailed  in- 
fotmatioo  about  this  catastrophe  we  had  to  wait  until  mails  arrived 
•Otoe  four  weeks  later.  These  earth  messages  reached  England  from 
JapMi  io  16  minntes. 

The  last  disaster,  which  was  reported  as  having  taken  place  in 
jKobe,  created  considerable  anxiety  with  many  who  had  friends  and 

Iiroperty  in  that  prosperous  little  city.     An  absence  of  records  in  the 
•le  of  Wight  indicated  that  there  had  at  least  been  gross  oxaggera- 
tion  in  the  telegraphic  news,  whilst  some  weeks  later  it  was  discovered 
Ithai  the  widely  published  mesfioge,  which  hod  been  sent  regardless  of 
Itbo  alarm  it  might  create,  was  devoid  of  all  foondntion. 

Theoe,  then,  are  a  few  of  the  advantoges  wo  ehould  expect  from  a 
laeianio  survey  of  the  world,  and  all  that  is  required  to  carry  the 
into  effect  is  a  sum  which  is  very  much  less  than  that  which  is 
jvlrftd  for  the  purchase  of  a  modern  telescope. 
From  these  disturbances,  the  origins  of  which  are  to  be  fonnd  in 
inal  or  suildea  yieldings  within  the  crust  of  our  globe,  I  will  now 
to  those  movemouts  tho  origin  of  which  is  apparently  traceable 
external  ixiflaonoes,  tho  most  interesting  of  which  is  Uie  diurnal 
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vniTe.  At  Shide,in  the  Isle  of  Wight,  where  instruinentB  like  coniciJ 
petidiiluniB  aro  installed  with  thtiir  bofitns  in  the  meridiau  on  the 
eMstcm  Bido  of  n  valley  which  ruua  north  and  8onth,  the  mdvt'inents 
are  such  that  on  fine  days  these  booms  point  towards  the  bud,  indicat- 
ing that  in  the  morning  there  is  a  downward  tilting  towards  the  eaiit, 
and  in  the  nftcmoim  towariis  the  west ;  at  night  thu  motion  is  east- 
wards. The  direction  of  this  movetnent,  which  may  have  a  range  of 
2"  or  3",  is,  however,  at  the  Ranio  time  different  at  different  places ;  for 
example,  in  Japan,  on  parallel  ridges  bounding  a  swampy  valley,  the 
Bimaltaueons  moTeraouts  on  those  ridges  were  found  to  be  in  contrary 
directions :  that  is  to  say,  they  were  sach  that  we  may  imagine  the 
trees  on  the  opposite  sides  of  the  valley  every  day  to  have  perform^ 
a  slow  bow  to  each  other.  ^ 

Because  these  movements  are  practically  confined  to  fine  weather,  ■ 
whilst  in  dull  wet  weather  they  aro  hardly  discernible,  we  shoolil  ™ 
imagine  them  to  be  the  result  of  expansions  and  contractions  in  the 
surface  soil,  or  warping  of  the  piers  carrying  the  instraraent  follotr- 
ing  changes  in  temperature  ;  but  when  we  find  that  they  are  practicallj 
as  marked  in  an  nndergroimd  chamber,  where  the  changes  in  tempera- 
ture are  exceedingly  small,  the  suggested  explanatir'u  apparently  £ul<. 

Another  cause  to  wliich  wo  may  turn,  as  possibly  throwing  light 
mpou  these  movements,  lies  in  the  fact  that,  by  the  action  of  the  sua, 
there  is  on  two  sides  of  most  observing  stations  a  difift-renue  in  the 
load  which,  by  evaporation,  is  carried  up  into  the  atmosphero 
and  there  dissipated.  As  an  illustration  of  this,  if  on  one  side 
of  an  observatory  wo  had  a  field  of  clover  and  on  the  other  side 
a  surface  of  earth,  the  difference  in  the  li»ads  remnved  during  > 
day  in  summer  would  often  exceed  12  lbs.  per  square  yard.  Be- 
cause the  clover  siile  would  be  the  one  which  would  be  the  niuct 
relieved,  this  would  tend  to  rise,  and  the  pendulum  would  swing 
towards  the  unouvered  surface.  At  night-time  the  causes  leading 
to  a  slow  return  of  the  pendulum  toicanh  its  normal  position  would 
be  varied.  For  example,  the  area  which  during  the  day  had  lost  the 
most  by  evaporation  would  be  the  one  presenting  the  greater  nnmber 
of  points  for  the  condensation  of  moisture  as  it  rose  from  the  grounil, 
which,  on  the  bare  side,  would  be  free  to  escape  to  the  atmosphere ; 
hence  the  clover-covered  surface  would,  relatively  to  the  ground  on 
the  oppofvite  side  of  the  pendulum,  grow  heavy,  be  depressed,  and  the 
pendulum  take  up  a  retrograde  motion,  which  usually  appears  to  be 
somewhat  less  than  the  daylight  displacement. 

Auuther  phenomenon  baring  upon  the  movement  daring  the  I 
night  is  the  almost  unstudied  sub-surfAoe  precipitation  of  moistors. 
Experiment  has  shown  that  in  certain  caaee  after  sunset,  when  tbs 
surface  of  bare  earth  is  chilled  or,  in  winter,  frozen,  aqueous  vapoor 
rising  upwards  beneath  such  an  area,  instead  of  escaping  to  the  atmo- 
sphere is  condensed  underground,  and  the  superficial  soil  groirB 
heavier.  Soil  which  is  filled  with  stones  probably  shows  this  in 
a  marked  manner ;  «Mh  stone,  being  a  good  radiator,  is  at  nigbt 
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qoicklj  chilled  to  form  a  condenser,  beneath  wbich  moisture  collects 
which  otherwise  would  have  eacnped  to  the  atmosphere.  Fur  this 
re««on  fields  containing  a  certain  uomber  of  stones  are  more  fertile 
than  others  where  stones  are  absent. 

Another  important  question,  bearing  upon  differential  loading  of 
differentlj  covered  areas,  depends  upon  the  existence  or  uon-existeuce 
of  a  oovering  of  vegetation.  Wo  know  how  much  many  plants  pump 
vpwarda  ti  transuire  during  the  day,  but  their  action  during  the 
night  is  to  the  writer  quite  anknown.  Daring  the  night  this  trans- 
pimtion  may  be  small,  but  are  they  yet  pumping  to  replace  their 
daylight  loss  ? 

An  action  of  this  sort,  if  it  exists,  only  implies  a  transfer  of  load 
from  beneath  to  a  higher  level  on  the  surface,  but  if  on  one  part  of 
an  area  with  a  common  water  supply  this  goes  on,  whilst  it  does  not 
lake  place  on  another  portion  of  the  same,  it  would  follow  that  the 
former  might  be  superficially  altered  in  form.  What  is  here  stated 
respecting  the  cause  of  the  diurnal  wave  is  only  a  suggestion  waiting 
diaapproval  or  confirmation. 

Changes  of  level  are  closely  connected  with  rainfall,  which,  when 
it  flatarates  a  valley  has,  at  one  station  at  least,  been  accompanied 
by  movements  indicating  an  increased  steepness  of  the  bounding 
hills.  Dnring  fine  weather  the  mutioa  is  reversed,  or,  in  other  words, 
the  smrfaco  movements  on  the  two  sides  of  a  valley,  with  alternations 
of  fine  or  wet  weather,  have  corresponded  to  a  coneertiuu-like  opening 
or  abutting  of  the  same.  Certain  seasonal  cbangbs  in  lovel  may  in 
p«rt  be  due  to  the  removal  and  replacement  of  loads  represented  by 
Mtree  and  plants. 

The  last  group  of  movements  on  which  I  shall  touch  arc  pulsations 
and  tremora,  the  existence  of  which  are  supposed  to  bo  indicatud  by 
the  regular  or  irregular  swingings  which  are  from  time  to  time 
eetabli^od  in  pendulums  and  other  forms  of  apparatus  which  aro 
delioaiely  suspended.  The  occurrence  of  the  latter  movemeutfi, 
which  have  been  so  carefuUy  studied  for  many  years  in  Italy,  and 
•QtMDatically  recorded  in  Japan,  show  remarkable  relationships  to 
the  looalitiee  where  they  are  observed,  the  instruments  by  which  they 
are  reonrded,  to  the  seasons,  the  hours  of  the  day  and  night,  and  to 
•  number  of  meteorological  phenomena. 

In  Ja{wn,  tremors  were  never  observed  undergrouml  upon  rock 
foondalions,  which,  however,  has  not  been  the  case  iu  Italy.  At  oue 
station  they  may  be  marked,  whilst  at  another  station,  only  a  few 
hundred  yards  distant,  they  may  be  only  bhown  feebly  or  be  entirely 
afaaent.  A  light  horizontal  pendulum  is  usually  more  disturbed  than 
(Me  that  is  relatively  hoavy.  Tremor  frequency  and  tremor  intensity 
■ie  more  freqnent  during  the  night  than  during  the  day.  A  favourite 
inar  for  tremors  to  appear,  or  to  attain  a  maximum,  is  about  6  a.m., 
nd  ai  ooa  atatiou  they  were  always  to  be  soeu  between  midnight  and 
dua  hioat.  They  are  iiiuch  more  frequent  duriog  winter  than  daring 
watt  wben  barometric  clmngca  are  rapid,  and  when  the  obaerring 
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station  is  crossed  bj  a  steep  barometric  gradieat,  wbether  the  local 
barometer  is  high  or  low.  Tremors  may  be  marked  daring  a  calm, 
whilst  daring  a  gale,  when  doors  and  windows  rattle,  a  tromometer 
may  be  at  rest.  They  are  frequently  obaerred  daring  a  frost  or  thaw, 
and  they  are  generally  frequent  when  the  temperatnre  is  fidling  and 
when  it  is  low.  Although  waves  beating  on  a  coast  may  produce 
fretillemenU  upon  a  surface  of  mercnry,  such  actions  are  apparently 
unconnected  with  the  swinging  movements  of  tromometers. 

Because  tremors  are  seldom  obiserved  in  a  very  dry  bailding  or  in 
an  instrument  beneath  a  well-ventilated  covering,  I  am  inclined  to 
the  opinion  that  many  of  these  perplexing  disturbances  can  be  ex- 
plained on  the  assumption  that,  from  time  to  time,  beneath  cases 
which  are  even  air-tight  a  circulation  of  air  is  established.  This  is 
brought  about,  as  may  be  shown  experimentally,  either  in  oonseqnenee 
of  a  difference  in  temperatnre  in  different  parts  of  a  case,  or,  as  is 
shown  by  the  introduction  of  a  desiccating  agent  like  oJoinm 
chloride,  by  the  difference  in  the  rate  at  which  moisture  is  oondeoaed, 
absorbed  or  given  off  at  different  points  within  snch  a  cover. 

Although  a  suggestion  like  this  tends  to  destroy  many  of  the 
records  of  80>called  earth  tremors,  and  for  years  daily  maps  wers 
issued  showing  the  microsoismic  activity  of  the  Italian  peninsnla,  «a 
are  left  confronted  with  phenomena  which  it  is  the  interest  of  all  who 
work  with  instruments  susceptible  to  these  inflnenoes  to  nndeniaiid 
more  clearly 

Most  particularly  we  should  like  to  know  the  reason  of  their 
frequency  at  particular  hours  and  seasons,  but  above  all  things^  boir 
to  avoid  visitors  which  may  accelerate  or  retard  the  swinging  of  • 
pendulum,  or  cause  inaccuracy  in  the  weighings  of  the  assayer. 

[J.  M.] 
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G.  JoHMSTowB  8TOi«y,  Esq.  M.A.  D.Sc.  F.B.S.  M.B.I. 

%e  Approaching  Return  of  the  Great  Swarm  of  Notemher  Meteors. 

fe  praient  diHconrso  was  intondod  to  supplement  one  deliTered 
BtMa  years  before,  in  the  Theatre  of  the  Royal  Institution,  on 
Im  Story  of  the  November  Meteors,'  of  which  a  copious  extract 
I  be  found  in  toL  ix.  of  the  Prooeediiigs  of  the  Institation. 

Orbit  of  the  Leonidt. 

Id  the  earlier  discourse  an  acoonnt  was  given  of  the  BnccossiTO 
M  which  led  np  to  the  great  discovery  by  tlio  late  Profoesor  J, 
ich  Adams  of  the  orbit  of  these  meteors.  They  now  pursno,  and 
f9  been  for  several  hundreds  of  years  pursuing^  a  long  oval  path  in 
I  heavens,  round  which  they  travel  three  times  in  each  century. 

10  orbit  near  its  distant  end  intersects  the  orbit  of  Uranus,  and 
y  doM  to  its  perihelion  it  intersects  the  orbit  of  the  earth.  It 
^  not  intersect  the  orbits  of  the  intermediate  planets,  of  which 
I  principal  are  Jupiter  and  Saturn,  since  the  plane  in  which  the 
loors  move  in  so  much  inclined  to  the  planes  of  the  orbits  of  those 
(nets  that  the  meteors  are  carried  above  and  below  their  orbits  in 
it  revolution.  The  swarm  is  extended  like  an  iianionsc  procession, 
py  millions  of  miles  in  length,  though  only  some  100,000  miles 
le,  along  a  portion  of  its  orbit.  During  one  half  of  each-revo^ 
^oa  the  stream  is  for  sixteen  years  lengthening  out  as  it  approaches 
I  sau,  and  during  the  other  half  of  the  revolution,  while  receding 
m  the  aon,  it  shortens  again,  not,  however,  quite  to  the  samo  size 
it  had  at  tiko  commencement  of  the  revolution,  since  one  revolution 
W  another  there  is  a  gradual  increase  in  the  length  of  the  pro- 
Inon. 

•  Entrance  of  the  Leoni(i$  into  the  Solar  System. 

'  After  the  lapse  of  a  sufficient  time  the  swarm  will  of  necessity 
|ra  K>  lengthened  out  as  to  extend  the  whole  way  round  its  orbit ; 

11  the  oouMideratioD  that  it  is  at  present  of  limited  length,  viewed 
Iconnection  with  the  dynamical  certainty  that  it  must  ever  keep 
kadily  extending,  carries  our  thoughts  bajk  to  that  past  time,  which 
liHot  be  vi.-ry  remote  from  the  cosmical  Ktaud])oint,  wlion  that 
ilich  ta  now  a  lung  stream   was  a  oompivct  cluster.     It  was  then, 
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wheneTor  that  epncli    was,   that  these  meteors  entered    the   solar 
Bystem ;  and  in  the  former  lectnre  the  reasons  were  given  which  led 
the   late  Professor  Le  Verrier   to  fix  upon  the  spring  of  the   year 
A.D.  12G  as  the  date  of  this   remarkable   event,    when    the   swarm, 
which  had  up   to   that    time  been   an  independent  cluster,  became 
a  member  of  the   solar  system.      The   cluster  at   that  time  seems 
to  have  been  travelling  inwards  from  open  space  towards  the  snn, 
past   which    it   would,  if    unimpeded,   have   made   a   single   sweep, 
and  would  then  have  receded  from  the  sun's  neighbourhood  to  the 
same  immensity  of  distance  from  which  it  came.     But  while  advan- 
cing towards  the  sun,  the  great  planet  Uranus  seems  to  have  crossed 
its  path.     The  cluster  of  meteors  must  have  nearly  collided  with 
that  great  planet ;  in  fact,  passed  so  close  that  the  planet  was  able 
to  drag  the  group  qnite  ont  of  its  previous  path,  after  which  the 
planet  advanced  along  its  own  orbit,  and  left  the  individual  meteon 
to  pursue  whatever  orbits  round  the  sun  corresponded  to  the  speed 
and  direction  of  motion  which  the  planet  had  impressed  upon  each  of 
them.     Previous  to  their  encounter  with  the  planet  the  great  meteoi ' 
cluster  seems  to  have  had  sufficient  coherence  from  mutual  attracti< 
to  be  able  to  maintain  itself  as  a  compact  group.     But  in  sweeping.; 
past  so  great  a  planet  the  difference  of  force  acting  on  the  membeifl 
of  the  group  would  jirubably  be  too  great  for  their  feeble  attraction 
towards  one  another.     They  got  a  little  scattored,  and  when  aban- 
doned by  the  planet,  found  themselves  too  far  asnnder  to  admit  of 
their  assembling  again  into  a  compact  body ;   and  since  then  each 
meteor  has  hod  to  pursue  independently  its  own  orbit  round  the  sou. 
These  orbits,  though  very  close  to  one  another,  are  not  quite  tba 
same  ;  they  differ  a  little  in  every  respect,  and  amongst  the  rest,  in 
their  periodic  times.     The  average  period  of  traversing  the  orbit 
nearly  33|  years.     For  some  of  the  meteors  it  seems  to  be 
longer,   and   for   others   a   week  shorter   than   their   mean    period. 
Hence,  at  the  end  of  their  first  revolution,  the  meteors  with  the 
shortest  periodic  time  came  to  thoir  storting  point  a  fortnight  sooner 
than  the  greatest  laggards,     At  the  end  of  two  revolutions  they  were 
a  mouth  asunder,  and  so  on  until  now,  at  the  end  of  53  revolutions, 
the  foremost  of  the  prooession  comes  round  two  years  in  advance  of  j 
the  hindermost.  | 

AetronomerB  already  know  much  which  seems  to  support  this  re- 
markable hypothesia  of  Le  Verrior's;  but  it  is  most  desirable  tli»» 
probability  shall  be  changed  into  certainty  one  way  or  the  other ;  md 
the  lecturer  urged  that  a  great  effort  ought  to  be  made  on  the  occasion 
of  the  approaching  return  of  the  great  swarm,  to  secure  observations, 
so  full  and  so  accurate  as  will  enable  either  ourselves  or  our  posterity 
to  trace  back  with  proeision  the  history  of  the  Leonids  in  the  p«i 
and  so  ascertain  with  certainty  whether  it  was,  or  was  not,  within  > 
few  days  of  the  end  of  February  in  the  year  a.d.  136,  that  these 
innumerable  minute  bodies  began  their  present  career  within  the 
Bolar  system. 
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When  the  Meteors  teill  return. 

The  immense  procesnon  takes  two  years  to  pass  the  point  where 
it  pours  across  the  earth's  orbit.  This  point  the  earth  reaches  every 
year  aboat  the  middle  of  Noyember,  and  accordingly,  when  the 
meteors  return  the  earth  will  certainly,  in  two  Baccessive  years,  pass 
through  the  stream,  and  may  also  encounter  the  front  or  rear  of  the 
pTDOeasioii  la  a  third  year.  In  this  way  we  may  coout  on  having 
gTBAt  meteoric  displays  on  whatever  is  the  advancing  side  of  our 
e«uth  in  each  of  t^vo  saccessive  years,  in  November  1899,  and  in 
November  1900,  with  perhaps  a  third  display  in  either  1898  or  1901. 
In  tbe  middle  of  November  of  the  year  1898  the  moon  wUl  be  absent, 
and  if  by  good  fortune  the  head  of  the  meteoric  stream  shall  have 
arrived  so  soon,  which,  however,  is  doubtful,  we  may  expect  an  immense 
display  then  on  one  half  of  the  earth.  In  1899,  when  it  appears 
certain  that  tbe  stream  will  be  encountored,  there  will  nnfortuuately 
be  moonlight,  which  will  detract  from  the  splendour  of  the  display, 
though  it  need  nut  take  away  our  prospect  of  securing  iuvaluabla 
photographic  records  in  that  year,  since  it  has  been  found  that  such 
plu>tographs  may  be  taken  even  in  strong  moonlight. 

Sporadic  Leonids. 

Another  matter  to  which  attention  was  invited  was  that  of  the  few 
red  Leonids  which  the  earth  meets  with  every  year,  and  not 
in  the  years  (if  the  great  displays.  Their  presence  may  be 
Koooantetl  for  as  follows. 

The  motoorio  stream  is  about  100.000  miles  across — more  than  a 
iMrd  of  the  way  from  the  earth  to  the  moon — and  through  it  tho 
earth  passes  obliquely,  occupying  about  five  hours  in  the  transit. 
Tbfi  earth  intercepts  some  of  the  meteors,  which  plunging  with 
immense  speed  into  our  atmosphere,  are  first  heated  by  tho  friction  to 
brilliant  incandescence,  and  then  dissipated  in  vapour  before  they 
ean  get  within  miles  of  the  earth's  solid  surface.  This  produces 
tbo  nleodid  spectacle  which  we  are  privileged  to  witness  on  such 
OHMMMW.  Bnt  many  as  are  tho  meteors  whiuh  the  earth  intercepts, 
thode  are  immensely  more  numerous  which  j)ass  cioso  enough  beside 
it  to  Iwi  bent  by  its  attraction  a  little  out  vf  their  previous  orbit — 
oolj  a  little,  however,  on  account  of  the  enormous  speed  with  which 
litrj  about  fiast  tbe  earth,  a  speed  of  about  45  milcij  a  second — so  that 
oaca  i»  not  so  much  as  three  minutes  in  darting  past  tho  earth. 
Tbe  earth  has  plunged  some  sixty  or  seventy  times  through  the 
•txeem.  and  has  thus  diverted  from  their  natunil  coarse  a  vast  number 
of  the  meteors.  Bnt  however  great  this  number  may  be,  the  number 
of  tboM  which  were  Um  far  off  to  feel  any  influence  from  the  earth  is 
imraeararably  greater.  In  fact,  the  meteoric  stream  is  about  as  long 
■•  from  Jopiter  to  tho  earth,  so  that  tho  earth  when  it  passes  through 
the  elreAm  can  affect  bnt  a  very  short  piece  of  its  whole  length. 

TboM  Leonids  that  have  been  thus  affected  are  they  that  have 
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sinco  become  sporadic  Leonids.     They  tr&vorse  now  orbits  a  little 

differing  from  the  great  meteoric  orbit,  and  also  differing  from  nno 
another.  By  a  well-known  dynamical  luw,  they  wonld,  if  subsfquently 
acted  on  only  by  the  buu'b  attraction,  return  accorately  at  the  end 
eacli  revolution  to  the  situation  close  to  the  earth's  path  which  tin 
occupied  when  the  earth,  after  baTiog  dragged  them  a  little  aai 
passed  on  along  its  own  orbit.  Since  the  sun's  attraction  upon  tb 
is  immensely  more  powerful  than  any  other,  they,  on  the  completion 
of  every  revolution,  return  nearly  to  that  situation,  which  the  earth 
passes  each  year  in  the  middle  of  November ;  but  since  their  motions 
are  slightly  perturbed,  especially  by  the  great  planets  Jupiter  and 
Saturn,  they  get  to  bo  somewiiat  scattorod  into  situations  behind  aoJ 
in  front  of  that  point  in  the  earth's  orbit,  as  well  as,  no  doubt,  many 
of  them  sideways,  so  that  a  few  of  them  may  encounter,  thoagh  rnanj 
more  of  them  must  escape,  the  earth.  This  scattering  of  the  sporudic 
Leonids  is  what  causes  the  earth  to  meet  with  a  few  of  them  fi>r 
some  days  before  and  after  it  reaches  the  point  of  intersection  of  iti 
orbit  with  that  of  the  main  swarm. 

Again,  when  the  earth  diverts  a  meteor  from  its  path,  it  slightlj 
alters  every  element  of  its  orbit.  Among  others,  it  alters  its  periodic 
time.  Hence  in  each  subsequent  revolution  the  meteor  which  hts 
been  diBturbed  will  eitlier  draw  ahead  of  the  main  swarm  or  fsiU 
beliiud  it;  and  this  has  caused  the  sporadic  meteors  to  be  now  dis- 
tributed round  the  whole  length  of  the  orbit,  so  that  the  eortli 
cncouuters  some  of  them  every  year,  and  not  only  at  intervals  of 
83  years. 

Such  is  a  sufficient  picture  of  what  happens  in  the  case  of  ordi- 
nary sporadic  Leonids,  But  there  is  one  among  them  which  is  ^ 
peculiar  that  it  deserves  separate  treatment. 

Of  TempeVs  Comet. 

Astronomers  know  very  little  of  the  dynamics  of  comets,  very 
little  of  the  dynamics  of  clusters  of  stars,  and  almost  nothing  of  thf 
dyniuaics  of  iiebulie.  When  any  ono  of  these  problems  shall  Iw 
solved,  it  will  probably  throw  much  light  on  the  other  two.  MflW 
while,  whatever  may  bo  the  dynamical  relation  in  which  the  tail  of  * 
comet  stands  to  its  nucleus  and  to  the  other  bodies  of  the  soli^ 
system,  we  know  at  all  events  that  its  nucleus  travels  along  an  orlii' 
under  the  same  laws  as  an  ordinary  mass  of  ponderable  matter.  N'>' 
the  orbit  of  the  nucleus  of  Tempol's  comet  is  nearly  but  not  quit* 
coincident  with  that  of  tho  main  swann  of  November  motors,  as 
appears  from  the  following  table  of  the  best  detormiuatious  wo  fc* 
have  of  the  elements  of  both  orbits. 

lA>onl  J«.  Tempers  CDOCt. 

Period 3325         ..         33-18  T««i 

Mean  dintanee      10-3-102     ..         10-3248 

Exooiitricity         0ttO47     ,,  OtH>54 

Perihelion  diitance      OJISSS     ..  09765 

Inclmatiou Itf"  46'     ,.  IflS' 

Longitude  of  node       51"  2«'     ..  SPSS' 

DiBtaoce  of  peribplioD  from  node      ..  (T  51'     ..  if   2' 
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he  obserred  that  each  of  tho  elements  of  the  orbit  of 
el's  comet  differs,  but  only  differs  n  little,  from  tbo  correspond- 
iment  of  tbe  orbit  of  tho  meteors.  Differences  of  this  kind  have 
isbcd  themselves  in  the  case  of  ererj  one  of  tho  sporadic 
re  which  have  got  separated  from  the  main  swarm  by  the  earth. 
ihifl  gives  rise  to  the  snspicion,  almost  amoanting  to  belief, 
be  comet  wiu  at  one  time  a  member  of  tbe  swarro^  and  wan 
•  little  aside  on  one  of  the  occasions  when  the  earth  pa-ssed 
!f}i  the  stream.  Since  that  event  Jupiter  and  Saturn  liavo 
neeaaantly  perturbing  its  orbit  nud  that  of  the  meteors  a  little 
ntlj,  and  have  thus  increased  the  divergence.  Now,  if  wo  can 
nine  tbe  orbit  of  the  comet  with  great  accuracy,  it  will  become 
le  to  ascertain  with  precision  what  these  perturbations  have 
a  the  last  few  centuries,  and  thus  to  trace  back  the  path  which 
met  has  pursued  in  space.  If  this  can  bo  dono  satisfactorily, 
ill  be  able  to  tind  when  it  was  that  the  comet  was  so  close  to 
irth  that  the  earth  was  able  to  alter  its  whole  future  history, 
is  another  problem  which  tbe  lecturer  invited  astronomers  to 
fi)re  tbem,  and  in  order  to  prepare  for  it,  to  tanke  the  moHt 
•bservations  that  aro  practicable  upon  the  comet  on  the  ocoasiou 
ftpproaching  return. 

^L  Thf  Jfai'n  Swarm. 

a  moy  next  turn  to  the  main  swarm.  Tho  inoHiintion  of  tlin 
if  the  meteors  to  tlie  planes  in  which  Jnpitor  ami  Sntuiu  travel 
NUI  referred  to  above.  The  meteors,  on  account  of  tills  incliue<l 
nt  of  their  orbit,  glide  at  a  distance  of  many  milliQus  of  miles 
aJ  under  the  orbits  of  those  planets,  and  the  planets,  as  they 
Lrongh  tlie  inclined  orbit  of  the  meteors,  are  favourably  situated 
odifyiog  that  orbit  by  their  attraction.  One  of  the  priucipal 
I  tba^  they  thus  occasion  is  to  make  the  meteoric  orbit,  instead 
ading  out  from  tho  sun  in  one  fixed  direction,  to  shift  slowly 
in  tho  same  dirttction  in  which  the  planets  travel  round  the 
This  shifting  of  the  orbit  of  the  meteors  has  caused  the  timo 
the  earth  encounters  the  swarm  to  have  gradually  advanced 
Dotober  IStb  (Old  Style),  when  the  earth  encountered  the  swarm 
X  902  (this  being  the  iirst  visit  of  tbe  motoors  of  which  wo 
It  a  record)  until  November  13th  (New  Style),  when  tho  great 
rof  1866  was  discharged  upon  tho  earth,  'liio  point  ou  tlio 
I  orbit  where  the  meteors'  orbit  intersects  is  called  the  niNle  of 
leteont'  orbit.  Accordingly,  the  fucts  are  neually  described  by 
{  that  tbo  node  of  the  meteoric  orbit  has  shifted  forwards  along 
tllL's  orbit  from  the  place  which  the  earth  reaches  each  Octo- 
)tk,  which  is  equivalent  in  the  now  stylo  U)  tbo  date  which  was 
October  12th  in  ad.  002,  until  November  13tli  or  Uth,  which 
prasent  date.  Thus  the  shift  forwards  in  a  thousand  years  of 
iU)  on  which  the  showers  occur  has  been  about  three  weeks  aud  u 
Mil  wn  know  that  n  similar  nliift  iniint  havo  been  going  <>u  before 
MXV.     (No.  91.)  2  A 
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that  time.    A  diagram  illnstroting  these  facts  will  be  fonnd  in  Tol.  ii. 
of  the  Prooeediugs  of  the  Royal  lostitutioc,  opposite  to  page  43. 

It  was  by  a  atady  of  this  advance  of  the  node,  and  by  referring  it 
to  its  dynamical  caase,  that  Professor  Adams  was  able  to  discriminate 
between  five  diffurout  orbits  which  had  been  found  by  Professor 
Hubert  Newton  to  be  compatible  with  all  other  known  facts.  This 
enabled  him,  in  April  1867,  to  announce  which  was  the  real  orbit 

Professor  Adams,  in  bis  computations,  used  a  metho<}  of  investi- 
gation known  as  Gauss's  method,  in  which  what  he  really  computed 
was  the  perturbing  effect  on  a  meteor  of  two  rings  of  attracting 
matter  with  the  form,  size  and  position  of  Jupiter's  and  Saturn's  orbits, 
the  masses  of  the  rings  being  e<pial  to  the  masses  of  the  planets,  and 
being  distributed  round  the  ring  not  equally,  but  with  a  preponderance 
where  the  planet,  in  travelling  along  its  orbit,  lingers  longest  Nov 
the  actaal  amount  by  which  the  node  shifts  between  successive  retomi 
of  the  meteors  differs  slightly  from  revolution  to  revolution;  becsnse 
the  amount  in  any  one  revolution  depends  on  what  have  l)eeD  the 
distancea  and  directions  of  the  planets  from  the  meteors  during  tl 
particular  revolution.  But  what  Gauss's  method  does  is  to  give  tbe 
avt-rage  amount  of  this  shift  taking  one  revolution  with  another,  ind 
this  will  in  some  revolutions  be  a  little  more,  and  in  others  a  little 
less,  than  the  actual  amount.  The  Jiffereuce  between  the  aotujJ  tnil 
the  average  amount  is  well  exemplified  by  the  annexed  diagnm  of 
tho  times  at  which  tbe  great  showers  have  been  obBerred,  and  tbe 
times  at  which  tbey  would  have  occuired  if  the  advanoo  of  the  ncxie 
had  not  doviiitcd  from  its  average  amount 

In  the  left-harid  part  of  the  diagram  the  longitudes  of  the  no^> 
along  the  uarth's  orbit  oorrospouding  to  the  observed  dates  of  th« 
shiiwers  are  plotttd  <lown.  These  stiow  an  irregular  advauce  of  liie 
node  towards  tbe  right-hand  side  of  tbe  figure.  The  straight  linfl 
indicates  where  tbe  node  would  have  been  if  its  advance  had  been 
uniform ;  and  in  the  right-hand  part  of  the  figure  are  given  the 
number  of  hours  by  which  the  actuitl  shower  preceded  or  followed  the 
time  when  it  would  have  occurred  on  the  uniform  hypothesis. 

Now  there  is  nothing  except  tbe  want  of  more  accurate  data  tbtt 
we  yet  possess  to  prevent  tbe  calculation  being  carried  farther  then  i* 
was  hy  Professor  Adams,  and  made  to  furnish  the  actual  amount  of  tw 
shift  in  each  individual  revolution ;  indicating  not  only  that, -but  tbe 
small  differeiico  which  must  exist  between  the  perturbations  npon  th* 
front,  the  middle  and  the  back  of  tho  stream,  so  as  to  enable  tu 
to  determitio  the  sinuositicB  which  must  have  established  themsalves 
in  it. 

There  is  a  circumstance  to  which  it  may  bo  useful  to  70"** 
att<;ntion  in  connection  with  tlio  cnlcniation  of  the  perturbatioas  vl 
tho  Leonids.  The  planets  that  are  massive  onongh  and  so  sitoit** 
as  to  be  able  to  affect  the  meteoric  orbit  are  Jupiter,  Saturn  ux* 
Uranus,  and  in  every  one  of  these  cases  there  is  a  remarkably  simple 
numerical  relation  between  the  periodic  time  of  the  Leonids  and  that 
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of  tlie  plunet  perturbing  tbeir  motions.  The  most  conspicnous  of 
these  relations  is  that  14  revolutions  of  Jupiter  in  his  orbit  occupj 
Almost  exactly  the  same  time  as  five  revolutions  of  the  LeoniHs — 
probably  exactly  the  same  time  as  five  revolutions  of  those  meteors 
which  occupy  the  foremost  position  in  the  procession.  This  re- 
markable cycle  has,  therefore,  been  repeated  as  many  as  ten  times 
since  the  year  a.i>.  126,  when  it  is  supposed  that  the  meteors  entered 
the  solar  system.  Similar  relations  exist  between  the  periodic  time 
of  the  Leonids  and  those  of  the  planets  Saturn  and  Uranus.  Now 
students  of  what  is  known  as  the  "Planetary  Theory"  are  aware 
that  numerical  relations  of  this  kind  produce  a  very  marked  effect 
on  the  perturbations,  tending  to  make  the  perturbations  in  a  short 
limited  time  conspicuously  difierent  from  their  mean  values,  and  ren- 
dering it  all  the  more  necessary  in  the  interests  of  physical  a-stronom; 
that  such  observations  shall  bo  made  and  such  data  collected  when 
the  great  stream  returns  to  us,  as  will  enable  the  computations  to  be 
made  for  each  revolution  soparately. 

At  present  we  can  only  predict  the  return  of  a  shower  firom  oar 
knowledge  of  the  average  amount  of  the  shift  of  the  node,  and  ths 
time  so  determined  is,  as  we  see  from  the  diagram,  usually  sevend 
hours  before  or  after  the  actual  time.  If  we  could  calculate  the  per^ 
turbations  in  a  single  revolution  we  should  be  in  a  position  to  compote 
the  actual  time.  Even  making  use  of  the  elements  of  the  orbit  w 
already  determined  by  Professor  Adarne  from  imperfect  data,  it  would 
probably  be  possible  to  make  a  moderate  approximation  to  the  amoimt 
of  the  perturbations  between  18C6  and  1899,  so  as  to  be  able  to  come 
nearer  to  ascertaining  the  hour  at  which  the  next  meteoric  shoirar 
will  commence  than  we  can  at  present.  It  is  to  be  hoped  that  thii 
eminently  useful  compulation  will  be  made  before  November  189S, 
since  it  is  possible  that  the  head  of  the  swarm  will  have  reached  the 
earth's  orbit  by  that  time. 

But  still  moro  important  information  may  emerge  if  we  can 
calculate  with  sufiitieut  xiccuracy  the  perturbations  in  individual 
revolntiouB.  It  will  become  iKiasible  to  explore  the  past,  to  true 
back  the  history  not  only  of  the  metooric  procession  as  a  whole,  but 
of  each  {Hvi't  of  it,  and  so  ascertain  with  certainty  when  and  throngl) 
what  instrumeutality  it  was  tliat  these  foreigners  annexed  themselw* 
to  the  solar  systeui.  Similar  information  may  be  won  in  reference  to 
Tempel's  cuinet.  We  may  discover  when  and  on  what  occasion  thtf 
body  broke  away  from  the  main  stroani.  These,  if  they  can  !)• 
effected,  will  be  great  achievements,  and  will  show  the  observers  tnd 
mathematicians  vf  the  present  generation  to  bo  worthy  successors  m 
the  groat  men — Professors  Adams,  Hubert  Newton,  Le  Verrier  and 
Schiaparelli — who  made  careful  preparation  before  the  return  of  ibe 
meteors  in  1866,  so  that  the  most  instructive  observations  might  tbeo 
be  attempted,  or  who  afterwards  made  use  of  the  materials  so  collected 
to  splendid  efiect 
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The  Obtervationa  now  most  wanted. 

The  immediate  lessons  we  seem  to  learo  from  the  whole  aarrey  are, 
that  while  obeerratioDS  upon  sporadic  Leonids  are  of  little  import- 
ance, the  utmost  efforts  should  be  made  to  determine  with  more 
accara^'j  than  has  hitherto  been  possible  the  radiant  point  of  each  of 
the  different  parts  of  the  main  stream  through  which  the  earth  will 
paas  in  1899  and  1900,  and  perhaps  in  1898.  Every  method,  both 
bj  direct  observation  and  bj  photography,  should  be  carefully 
plumed  bcforeliand,  and  employed  when  the  critical  opportunity 
comes.  It  is  of  special  importance  that  tlie  observatiouB  shall  be 
dirided  into  sections,  each  extending  over  a  short  time — say  not  more 
tban  a  quarter  of  nu  hour — and  that  a  careful  record  be  kept  of  the 
timcB  of  the  several  sections  of  observations,  in  order  that  it  may  ho 
possible  afterwards  for  tho  mathematician  to  compute  and  allow  for 
tho  amonut  of  deflection  effected  by  the  earth's  attraction  upon  the 
meteors  observed  in  each  of  those  sections  of  time.  This  is  a  very 
neoeaaary  improvement  npon  the  methods  usei.1  in  18<)C.  It  is  indeed 
cnential  where  our  aim  is  to  attain  groat  accuracy.  Now  very 
mooh  greater  accuracy  in  the  obsorvations  than  that  which  was  at- 
tained in  1866  is  imperatively  rexjuirod  for  the  dynamical  calculations 
which  it  is  desirable  that  our  mathematicians  should  be  enabled  to 
grapple  with. 

The  matters,  tlien,  that  are  most  immediately  pressing  are  : — 

1.  To  make  preparation  with  the  utmost  forethought  for  the 
olweiTations  on  the  main  stream,  especially  fur  tho  determinations  of 
Ibe  radiant  puint  in  each  quarter  of  an  hour. 

2.  To  make  the  fullest  and  most  careful  observations  that  are 
powible  upon  Tempel's  comet.  Some  of  these  may  probably  bo  by 
photography. 

3.  To  compute,  so  far  as  can  be  aocumplisheil  with  our  present 
materials,  tho  perturbations  which  the  planets  Jupiter,  Saturn  and 
Urmaos  bare  effected  ou  the  orbit  of  the  Leonids  between  November 
1866  and  the  present  time. 
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WEEKLY  EVENING  MEETING, 
Friday,  February  26,  1897. 

Babil  Woodd  Smith,  Esq.  F.R.A.S.  F.S.A.  Vico-Preaident, 
in  tho  Chair. 

Lient-Colonol  C.  R.  Cosder,  R.E.  D.C.L.  LL.D.  M.R.A.S. 


Palestine  Exploration. 

Tbx  object  of  exploration  is  to  obtain  accnrate  knowledge  of  a  oountry, 
its  inhabitante,  and  its  extant  inuiiuinents  and  tcxt&  That  of 
PaleBtiue  lias  special  interest  to  Christinu  races  and  to  Jews,  as  serTing 
to  explain  more  clearly  the  sacre*!  literature  of  their  Faith. 

The  roBults  of  Buch  exploration  may  be  judged  by  looking  back* 
century  to  tho  time  of  Baylo,  Voltaire  and  Astruc,  when  what  wM 
regarded  as  aidvaaced  Bcientific  work  atysiimed  that  the  Hebrews  vera 
a  savage  race  withont  litoniturc,  that  liistory  only  began  to  bo  written 
about  500  B.C.,  and  that  tlio  oldest  civilisation  was  that  of  Chioa  anil 
India.  It  is  now  known  that  tho  art  of  writing  was  practised  in 
Egypt  and  Chaldea  ae  early  as  3000  B.C.,  that  tho  Canaanitos  about| 
the  timo  of  Joehua  had  a  civiliBation  eq^al  to  that  of  sarroundiug 
nations,  as  had  also  the  Hebrew  kiugs ;  while,  on  the  other  honii, 
Gbinese  civilisation  is  only  traceable  to  about  800  B.C.,  and  that  of 
India  was  derived  from  the  later  Persians,  Arabs  and  Greeks.  These 
results  are  due  solely  to  exploration. 

The  requirements  for  exploratioa  demand  a  knowledge  not  only 
of  Syrian  antiquities  but  of  those  of  neighbouring  nations.  It  is 
necessary  to  nmierHtand  the  scripts  and  languages  in  use,  and  to  stodj 
the  original  records  as  well  as  tho  art  and  architecture  of  vurions  hgin 
and  countries.  Much  of  our  information  is  derivod  from  Egyptian 
and  Assyrian  records  of  conquest,  as  well  as  from  the  monumeuts  of 
Palestine  itself.  As  regards  scripts,  the  earliest  alphabetic  texts 
date  only  from  about  900  B.C.,  but  previous  to  this  period  we  have  to 
deal  with  the  cnncifurm,  the  Egyptian,  tbo  Hittito  and  the  Cypriote 
chanicters.  The  explorer  must  know  the  history  of  the  cuneiform 
from  2700  b.o.  down  to  the  Greek  and  Roman  age,  and  tho  chaagM 
which  occurreil  in  the  forms  of  some  550  characters  originally  hienv 
glyphicB,  but  finally  reduced  to  a  rude  alphabet  by  the  Persians,  and 
used  not  only  in  Babylonia  and  Assyria  but  also  as  early  as  l.'iOO  k.c. 
in  Asia  Minor,  Syria,  Aimenia,  Palestine,  and  even  by  special  scribes 
in  Egypt.     He  should  also  bo  able  to  read  the  various  Egyptian 
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leripts — the  400  hieroglyphics  of  the  monumenta,  the  hieratic,  or 
nmniag  hand  of  the  papyri,  aad  the  later  demotic.  The  Hittite 
^araeters  nre  quite  distinct  and  number  at  least  130  characters, 
Ised  in  Sjria  and  Asia  Minor  from  15  0  B.C.,  or  earlier,  down  to 
hbont  70(i  B.a  The  study  of  these  characters  is  in  its  inftincy.  The 
Qrllabary  of  Cyprus  was  a  character  derived  from  these  Hittite  hiero- 
l^yptiics,  and  used  by  the  Greeks  about  300  B.C.  It  includes  muie  fifty 
pharactorB,  and  was  probably  the  original  system  whence  the  PhGeaiciaa 
alphabet  was  derived.  As  regards  alphabets,  the  erplorer  must  study 
Sie  early  1  boonician,  and  the  Hebrew,  Samaritan  and  Moabite,  with 
Ehe  later  Aramean  branch  of  this  alphabet,  whence  square  Hebrew  is 
Ted.  He  most  also  know  the  Ionian  alphabet,  whence  Greek  and 
characters  arose,  and  the  early  Arab  scripts — Palmyrone, 
lean  and  Saboan,  whence  are  derived  the  Syriac,  Cufic,  Arabio 
Himyaritic  alphabets. 

As  regards  languages,  the  Boholars  of  the  last  century  had  to  deal 
pnly  with  Hebrew,  Aramaic,  Syriac,  Coptic  and  Greek,  but  as  the 
peaolt  of  exploration  we  now  deal  with  the  Ancient  Egyptian  whence 
^ptic  is  derived,  and  with  varions  languages  in  cuneiform  script, 
eluding  the  Akkadian  (resembling  pure  Turkish)  and  the  allied 
iialects  of  Suso,  Media,  Armenia  and  of  the  Hittites ;  the  Assyrian, 
lie  earliest  and  most  elaborate  of  Semitic  languages ;  and  Aryan 
iDgncs,  such  as  the  Persian,  the  Yannic  and  the  Lycian. 

The  art  and  architecture  of  Western  Asia  also  furnishes  much 
ifnrmation  as  to  religious  ideas,  cnstuins,  dress  and  history, 
eluding  inscribed  seals  and  amnlets,  early  coins  and  gems.  The 
splorer  must  also  study  the  remains  of  Greek,  Roman,  jVrab  and 
)ni*a(lor  ]»ertodB,  in  order  to  distinguish  these  from  the  earlier  remains 
tl  the  Cauaanitcs,  Pho^nioians,  Hebruws,  Egyptians  and  Assyrians, 
well  as  the  art  of  the  Jews  and  Gnostics  about  the  ChristiaD  ers^ 
d  the  later  pagan  structures  down  to  the  fourth  century  a.d. 
The  monuments  actually  found  in  Palestine  are  few  though 
portant.  The  discovery  at  Tell  el  Amarna  of  about  150  letters 
itten  by  Phoenicians,  Pliilistines  and  Amorites— and  in  one  cose 
a  Hittite  Prince — to  the  kings  of  Egypt,  proves,  however,  tiie  use  of 
on  day  tablets  by  the  Syrians  as  early  as  1500  B.C.,  and 
■ooh  letter  has  been  recovered  in  the  ruins  of  Lochi.-^h.  The 
monnroouU  referring  to  Syria  and  Palestine  are  found  at 
VQ  Loli,  on  the  Lower  Euphrates,  and  date  from  2700  B.C.  Next  to 
mn  tbd  Kamak  lists  of  Tliothmes  III.  about  1600  b.o.,  record- 
tbo  nfttnefl  of  119  towns  in  Palestine  conquered  after  the  defeat 
tbo  Hittites  at  Megiddo.  These  lists  show  that  the  town  names 
lich  occur  in  the  Bible  are  mainly  Canaanite  and  were  not  of 
origin.  The  Canaanite  language  of  this  period  was  practi- 
iy  the  aame  as  the  Assyrian,  excepting  that  of  the  Hittites,  which 
MM  akin  to  the  Akkadian.  In  the  next  century  the  Tell  el  Amarna 
■how  that  the  Canaanites  had  wallod  cities,  temples,  chariots, 
fully  developed  native  art.     They  record  the  defeat  of  the 
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Egyptians  in  tbe  north  by  Hittites  and  Amorites,  and  tbe  iuTviion 
of  the  Boath  hy  the  Abiri,  in  whom  Drs.  Ziraniem  and  Winckler 
recognise  the  Ilebrows,  the  period  coinciding  with  the  Old 
Testament  date  for  Joshua's  conquest. 

An  inscription  of  Mineptah,  discovered  in  1893,  speaks  of  the 
Israelites  as  already  iuhabiting  Palestine  about  1300  b^.,  and  agrees 
with  the  preceding.  Other  Egyptian  records  refer  to  the  conquests 
of  Barneses  II.  in  Galileo  and  in  Syria,  when  the  Hittites  reUiineil 
their  independence  ;  and  in  the  time  of  Behoboam,  Shisbak  has  left 
a  list  of  his  conquests  of  133  towns  in  Palestine,  including  the 
names  of  many  towns  noticed  in  tbe  Bible.  ^ 

The  Hittite  texts  found  at  Hamath,  Carchemish  and  Merash,  uM 
well  as  in  Asia  Minor,  belonged  to  temples,  and  accompany  scuIjk* 
tures  of  religious  origin.     They  are  still  imperfectly  understood,  hot 
the  character  of  the  languages,  the  Mongol  origin  of  the  people,  and 
the  equality  of  their  civilisation  to  that  of  their  neighbours,  Iisto 
been  established,  while  their  history  is  recovered  from  Egyptian  and 
Assyrian  notices.     Tbe  Amorites  were  a  Semitic  people  akin  to  the 
Assyrians,  and  their  language  and  civilisation  are  known  from  their^B 
own   records,  while  they  are  represented  at   Eamak  ^vith   SomitidS 
features.  ~ 

The  oldest  alphabetic  text  is  that  of  the  Moabite  stone  aboat 
900  B.O.  found  at  Dibon,  east  of  the  Dead  ,&ea,  on  a  pillar  of  bassIW 
and  recording  tho  victories  of  King  Mesha  over  the  Hebrews,  M 
inentiotied  in  thd  Bible,  beveral  Bible  towns  are  noticed,  with  the 
name  of  King  Orari,  and  the  laiignnge,  though  approaching  Hebre» 
very  clcBoly,  gives  us  a.  Moabite  dialect  akin  to  the  Syrian,  which  i» 
preserved  in  texts  at  Samalla,  in  tlie  extreme  north  of  Syria,  dating 
from  800  B.C.  The  Phoenician  inscriptions  found  at  Jaffa,  Acre, 
Tyre,  Sidon,  Gebal  and  in  Cyprus  do  not  date  earlier  than  600  ».<%. 
anil  show  us  a  distinct  dialect  less  like  Hebrew  than  the  Moabite. 
Tho  most  important  of  these  early  texts  is  the  Siloam  inoription  in 
tho  rock-cut  aqueduct  above  the  pool,  found  by  a  Jewish  boy  in  1880. 
It  refers  only  to  tho  cutting  of  the  aqueduct  (in  the  time  of 
Hezekiah),  but  it  gives  us  the  alphabet  of  the  Hebrews  and  a 
language  tbo  same  as  that  of  Isaiah's  contemporary  writings.  It  >* 
tho  only  true  Hebrew  record  yet  found  on  monimients,  and  oonfina» 
tho  Old  Testament  account  of  Hezekiah's  work. 

I'he  ApKyrian  records  refer  to  tho  capture  of  Damascus  by 
Tiglath  Pileser  III.  in  732  B.C.,  and  of  Samaria  in  722  B.O.,  as  well  « 
to  Sennacherib's  attack  on  Jerusalem  in  703  B.C.  The  latter  record 
witnesses  also  the  civilisation  of  the  TTobrews  under  Hezekiah,  whose 
name  occurs  as  well  as  those  of  John,  Azariah,  Monahem,  Ahni, 
Pekah  and  Hosea,  who,  with  Mauasseh,  gave  tribute  to  Assyrian 
kings. 

About  tho  Christian  cni  Greek  texts  occur  in  Palestine,  tho  n"** 
im})ortant  being  that  of  Hcroil's  Temple  at  Jerusalem,  forbiiiding 
strangers  to  outer,  and  those  of  Siah  in  BoshiUi,  wLuru  also  lletvd 
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roctcd  a  tomplo  to  a  pagan  doity.  Such  texts  are  very  nmneroos  in 
>ecapolis,  where  a  Greek  population  appears  to  have  settled  in  the 
'me  iif  Christ. 

The  geographical  resnlts  of  exploration  are  also  important  for 
sritical  purposes.  Out  of  about  500  towns  in  Palestine  noticed  in  the 
^Id  Testament,  400  retain  their  ancient  names,  and  about  150  of  these 
irere  miknown  before  the  survey  of  the  country  in  1872-82.  The 
alt  of  these  discoveries  has  been  to  show  that  the  topography  of 
Sible  is  aocnrato,  and  that  tho  writorB  must  have  had  an  intimate 
ledge  of  the  land.  Among  the  most  interesting  Old  Testament 
may  be  mentioned  Lachish,  Debir,  Megiddo,  Mahanaim,  Gezer 
A  Adullam  as  newly  identified  ;  and  of  New  TeKiament  sites, 
thabara,  ^^non  and  Sychar,  all  noticed  in  the  fourth  Go6])el. 
The  existing  Hebrew  remains  are  few  as  compared  with  Koman, 
x%h  and  Nunuan  rains  of  lat«r  ages.  They  include  tombs,  aque- 
itfl  and  fortress  walls,  with  seals,  weights  and  coins.  The  iitoKt 
t  arc  the  walls  of  the  outer  court  of  Herod's  great  tcniplo  at 
1cm,  with  his  palace  at  Ilcrodium,  and  buildings  at  Ciesarea  and 
maria.  The  curious  seuii-Ciretk  palace  of  Hyrcaniis  at  Tyrus  in 
iload  dates  from  176  b.o.  In  Upper  Galilee  and  east  of  Jordan 
ere  are  many  rude  stone  monoments — dulmeiia  and  standing  stones 
probably  of  Canaanite  origin,  as  are  the  Bniall  lirunze  nnd  pottery 
ols  found  in  the  ruins  of  Lachish.  Sculptiircsl  bas-reliwfs  arc,  how- 
vcr,  nut  funiid  in  Palestine  proper,  having  been  probably  destroyed 
(J  the  Hebrews. 

This  slight  sketch  may  snffice  to  show  the  advaneo  in  knowledge 

ae  to  exploration  during  the  last  thirty  years.     The  result  lioa  been 

it  cliange  in  educated  opinion  as  to  the  antiquity  of  dvili«atiun 

tho  Hebrews  and  Jews,  and  ns  to  the  historic  reliability  of  the 

records.     Further  exploration,  especially  by  excavation,  may 

ted  to  produce  yet  more  interesting  results,  and  deserves 

1  Bupjiort,  as  all  classes  of  thinkers  agree  in  the  desirability  of 

nig  actual  kiiowlodge  of  the  post.     It  is  no  hmger  possible  to 

nl  the  Hebrews  as  an  ignorant  and  savage  peojilo.  or  to  consider 

T  sacred  writings  as  belonging  necessarily  to  tliu  later  times  of 

ion  under  tho  Persians.      Internal  criticisTn  is   chocked  and 

llt<d    by   the   results  of  exploration,   and    by  tho    recovery  of 

idcpcnduut  historical  notiw-'S. 
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GENERAL  MONTHLY  MEETING. 

Monday,  March  1,  1897. 

Sib  Jamxb  Cbiohtoh-Bbowne,  M.D.  LL.D.  F.B.S.  Troasarer  ud 
Yioe-President,  in  the  Chair. 

Frederick  John  Beanmont,  Esq. 

Major  Charles  Turner  Blewitt,  R.A. 

John  Fowler  Leece  Brunner,  Esq. 

James  Cadett,  Esq. 

John  Corrie  Carter,  Esq. 

John  Cohen,  Esq. 

Mrs.  Thomas  Collier, 

John  George  Craggs,  Esq. 

Tbornycrott  Donaldson,  Esq.  M.A. 

Uenry  Edmunds,  Esq. 

Mrs.  Henry  Edmunds, 

Gilbert  Strange  Elliot,  Esq. 

William  Adams  Frost,  Esq.  F.R.C.8. 

WilUam  Terrell  Gamett,  Esq.  J.P. 

Henry  Andrade  Harben,  Esq. 

Frederic  Howitt,  M.D. 

F.  W.  Ilildyard,  Esq. 

Mrs.  George  King, 

Henry  Leitner,  Esq. 

Rev.  James  Dunne  Parker,  LL.D.  D.O.L.  F.R.AA 

E.  Mumford  Preston,  Esq. 

John  Morgan  Richards,  Esq. 

Colonel  GiBorge  Sartorius, 

Frederick  Holland  Schwann,  Esq.  B.A.  LL.B. 

"William  Robert  Smith,  M.D.  D.Sc.  F.R.S.E. 

Henry  Alfred  Stern,  Esq.  M.A. 

Charles  John  Stewart,  Esq. 

George  Lawrence  Stewart,  Esq. 

Mrs.  Augustus  D.  Waller, 

Mrs.  J.  Lawson  Walton, 

were  elected  Members  of  the  Royal  Institution. 

The  Pbesbnts  received  since  the  last  Meeting  were  laid  oo  til* 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  vii. :" 

FOB 

Atxademia  dei  Lineei,  BecHe,  i7onia— Classe  di  ^ience  Fisirhe,  Matanatiebt  * 
Natural!.  Atti,  Serie  Quinta:  Rendiconti.  1"  Semeatre.  Vol.  VI.  Far.*- 
Clflsae  di  8oicnze  Morali,  Ac.  Serie  Quinta,  Vol.  V.  Faac.  11,  12.  Sw. 
1896-!)?. 
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I «/  AHm  and  Saitnee* — Proceeding*,  New  Series,  Vol.  XXIII. 

jrmMoal  Sorittn—BMelin.  Vol.  XXVIII.  No.  4.    8yo.     I8l»6. 
I  Soeiftu,  A'oya/— Montblv  Notioea,  Vol.  LVII.  No.  3.    8vo.     1897. 
/,i7«-.irv— Monthly  Hiilletin,  Vol.  II.  No.  'i.     Svo.     1897. 
■  oj  ffuturai  Ili»lory—i'ioceediag»,  Vol.  XXVII.  pp.  75-199.     8vo. 

i^y,  Jtayal—QnnTtet\y  R«<x>rd.  Vol.  VI   N«.  67.  Sm     18'.l«. 

iteclB,  Jioyal  ItuUlnle  of — Joomal,  3rd  Suriea,  Vol.  IV.  Nos.  7,  8. 
KH>. 

i»u«irtn— Report  of  Mc-etinc  at  Liverpool,  1898.  8vo.     1896. 

pling,  1S'.I7:  Prelimiiiarj'  rrofrramme.    8to.  189t>. 

"  -Iwwjm^Vwi— .lourunl.  Vol.  VII.  No.  4.  8?o.     IS97. 
Eiq.V.OJi.  (tlu  Autfior)— The  VTvatnlian  GoldHeldB.     8ro. 

'hflotophiml  SnnVrfy— rroceodings,  Vol.  IX.  Part  4.    8»o.     1897. 
"otimftl  for  Ffi)  1K!)7.     i>va. 

Sn<<iftji  o/— .Touniul,  Vol.  XVI.  Na  1.    8vo.     1897. 
oufuni  lor  Deo.  lSt»6.    8»o. 
del  ^^rn^M— Bulletin,  18l»6,  No.  10.    8to. 
nV-n— Keport  ntid  Tn^n^actiolli,  Vol.  XXVIIL     8to.     1896. 
Joumftl  of  Science  lor  Feb.  18D7.    8vu. 
Peb.  1*II)7.     8vo. 

Photngmphie  Bulletin  for  Feb.  1897.    Stoi. 
fiicul  .Inumul  for  Feb.  1807.     8vo. 
mi  for  Feb.  1897.     4 to. 
br  F.^b.  18!>7.    8to, 
bt  for  Feb.  1897. 
fjotimnl  for  Feb.  18r»7.     8to. 
( NewB  for  Fob.  I8'.t7.    4t«. 
ttO'l  Druggiiit  f.ir  Feb.  18ir7.    8vo. 
I  for  Feb.  1«H7. 
Bnginerr  for  Feb.  1897.     fol. 
'  Engineering;  for  Feb.  1807.    8fO. 
Bevit'w  fcir  Feb.  1897.    8vo. 
f  lor  Feb.  1897.    8vo. 
for  Feb.  1897.    fol. 
IlK  for  Feb.  1897.     fol. 
Ihic  Review  for  Fib.  1897.     8»o. 
I  .Journal  for  Koh.  I«9T.     8vo. 
|ftnd  Iron  for  Feb.  1897.     fol. 
i  tut  F.  b.  18»»7. 

t  l'l.j-»i«il  Obcmistry  for  Feb.  1807. 
IhI  (or  Feb.  1.SU7.     Svo. 
Jonmiil  for  Kcb.  1897.     Svo. 
!    '     yOT.     Kva 

liii-ktinii  (inzette  for  Jan.  1897.     Svo. 

.-1 :r  Feb.  1897.     8to. 

F«ib.  lift»7.     4to. 

Liot  fur  Feb.  1897.    Svn. 

h  Mnpizine  for  Fob.  1897.     8to. 

coto  for  Jan.  1897.     8vo. 

:cw»  for  Feb.  1897.     «T0. 

f<.r  Feb.  1897. 
Im,  1897.     fol. 
Fob.  1897. 

«rio(i!tttrt»t  for  Feb.  1897. 
for  Fob.  it<97.    4  to. 

#. /iMft/M/^od  o/-.Tr>nrnftl.  Vol.  XXV.  No.  126.     Rro.     1H97. 
P.  F.  (th*  AiUl>or)~The  R»ttanal  or  Poientiflo  Ideal  of  MoraUlf. 
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Flarenrt,  BiUioUfa  Nationale  ConlraZo— BoUettno,  Na  268.    Svo.    1897. 

f  {oNiw*.  Realt  Acoademia  dn  OeorgofiU—Atti,  Qo»rU  Serie,  YoL  XUL  Diap.  S, 

4.    Sva    ]8»6. 
FrmMbt  IiutituU-^<mnia\  for  Feb.  IS97.    6vo. 

OtogMfkieai  Seettty,  Hoynl—Geographicul  Jounuil  for  Feb.  1897.    8td. 
Qaologiaal  SonUy—QtUineily  JonniaL  No.  2()i>.    »yo.     1S(>7. 
Qiiurterljr  Jonrnal,  General  Index  to  flr»t  50  voIb.     8to.     1897. 
Guolri^eal  I.itoroture  added  to  the  lubrarjr  during'  1896.    8v&    1897. 
Uartard  Co//«;«— Annuol  Keport«,  l«(.5-96.     8to.     18»7. 
Ueiieage,  CharUt,  hltq.  M.R.I. — Lecture  on  F8,vi>hi»tric  Inttitutknu^  the  Aostriu 

L»w  of  Curatol  uid  ceiwr^te  Aaylum  for  Druokenneai.    B7  Hen  Seblmngw- 

haiuen. 
lUiw'U,  StaU  Laboratory  of  Natural  if  Mary— Bolletin,  Vol.  IV.  Put  2. 

18iH>. 
Report  on  Nosloua  and  Benefloial  Insects.    8vo.     1896. 
Imperial  In»tilule — Iniperi&l  Institute  Journal  for  Feb.  1897. 
/oiM.  Statr   Unirrrtily — Bulletin  from   the  Laboratoriea  of  Nnlural   History, 

VoL  IV.  No.  1.     Kvo.     1896. 
iron  and  SJ««{ /n«/i7«/<— Journal.  1896.  No.  2.     8vo.     1897. 
JJiiM  Uopkini  Univtr$ily — .American  Chemical  Jouroal,  Vol.  XIX.  So.  S.    8ifc 

1897. 
UniveraitT  Stuilies:  Fifte«iith  Sc'riea,  Nos.  1,  2.    8vo.     Ift97. 
Kentller,  Fratu  {Ihr  Author) — Die  BlektrodynnmiMsheu  Grundgeaetie 

eigentliche  EiemcntiURfBetz.  etc.     8vo.     1897. 
Leiptig,  FUrttUch  JalUonuvtkiKhe  Oetdlichnft — Prei«acbriften,  No.  S4.  8vo, 
Manehetter  Literary  and  I'kilotoyhical  Society — Mcraoii*  and  Prooeediogt,  Vol, 

XL  I.  Part  2.    8vo.    1896-97. 
MauarhutMa  Stat*  Board  0/  Ueallh — Twenty-fotirth  and  Twenty-fifth  AnDUil 

Boporta.    8vo.     189a-91. 
Merhanical  Enqiiutrt,  Jntlitulion  of — Proceedings,  189<;,  No,  2.     8to. 
Meleorologieal  Saeicty— Quarterly  Journal.  No.  lul.     8to.     1897. 
Mitchell  £  Co.  Me$»rf.  (the  /^uf</i*A(!r»)— New»p»ippr  Prt^  Directory  for  1897.   8t«. 
Naiy  Ltagut — Nbtt  League  Journal  (or  Feb.  18W7.     8vo. 
Nme  Jeney,  0»ologieal  Surcry  (/—Annual  Report  of  State  Geologiat  for  I8S& 

8to.     1896. 
New  Zealand,  Begintrar-Gencral  of — StatisUca  of  the  Colony  of  New  Zealand  for 

1895,     fol.     1896. 
yumitnuitie  SrWWy— Numiimatic  Chronicle  and  Journal,  1896,  Part  4.    8to. 
OdontoUn)ical  Socidy  0/  Or'nit  Siriiain — TranaactioBa.  VoL  XXIX.  No.  4.    Sn*. 

1897. 
Onne*,  D.  H.  K.— CommunicAtions  from  the  Laboratory  of  Phygioa  at  the  UiurM- 

Bity  of  Ixiden,  No.  33.     8vo.     1896. 
Pari*,  Soeifti  Franfaite  de  Phyiique — Bulletin,  No.  89.    8to.     1807. 
rharntacfvticol  Socielij  of  Great  Uriiain — Journal  for  Feb.  1897.     8vo. 
Phiindelphia,  Aeaditiny  nf  Xntural  Sdeni-et — Procaedinga,  1896,  Part  2.    8»o. 
I'hiladelphia,  Otograpkic'il  C/ufi— Bulletin,  Vol.  11.  No.  2.     8to.     1896. 
PhotograpiM!  Society,  Aoya/— Photographic  Journal  for  Jan.- Feb.  1897.    8ro. 
PhyiUal  Soeiety  of  London— Proceedings,  Vol.  XV.  Part  2.     8to.     1897. 
Prtnee,  0-  L.  F.R.AS.  (the  Compiler)— The  Summary  of  a  Meteorological  Jou»»l 

for  1896.     8vo. 
Hoynl  Irith  Anidt-my — Proceed ingg,  Third  Series,  Vol.  IV.  No.  1.    Sva    189(i 
lioy<d  Society  of  iuiinhurgh — Procoedinirs,  Vol.  XXI.  No.  3.     8»a     1897. 
Jioyal  Society  of  L.TOrf(w— Proceedings,  Nob.  365.  366.    8vo.     1897. 
Philosophical  Tr«nsaction«,  Vol.  GLXXX  VIL  A.  No.  188 ;  Vol.  CLXXXIX.  A- 

No.  189.    4to.     1897. 
Saran  Society  of  Srienret,  Jioyal — 
Ph  ili>to(ii>'-li-  lliflnriichu  Claire  — 

AblniiHllunKPn,  Band  XVI. ;   Band  XVIII,  No,  I.     8*0.     189" 
Mnlhenatitch-Phynifrhe  Vlatie — 

BerichU',  18!>6.  No.  1,    8vo,     1897. 


\ 

story, 
ivo.  18W.™ 

I 


1897.] 


General  Monthly  Meeting. 


sss 


Srlnoolitu),  WiUiam,  Eiq.  M.R.I.  (the  Avihar) — Life  Anoranoe  EspUiued.    Svo. 

1887. 
at/home  Soeietn—'S&tiXTe  Notes  for  Feb.  1897.    Svo. 

Society  o/ Jn/igtiartw— Proceedins;a,  2nd  Series,  Vol.  XVI.  No.  2.     8vo.     1896. 
An  ArehKologieal  Survey  of  LuDcashire.     By  Wtn.  Harrison.     4U>.     IS9<>. 
An  Arx^Kologicai  Borvey  of  HtirefurJiihire.    By  J.  O.  B«van  and  others.    4to. 
189«. 
Soeiett  of  ilr(#— Journal  for  Feb.  1897.     Svo. 
St.  PtterAmra,  Academic  JmpiriaU  det  Scienct* — Bulletin,  V*  Serie,  Toma  VI. 

No.  1.    8vo,     IKO". 
Vmittd  Stniet  Inttitulum,  Ro^J— Journal,  No.  228.     Svn.     1897. 
Umiltd  State*  D«partment  of  Agrifullure — Monthly  Weather  Review  for  Nov. 
189&    Svo. 
We«tber  bnreau  Bulletin,  No.  19.    Svo.     1896. 
Experiment  Station  Bulletin.  Noa.  34,  3.7.     Svo.     1896. 
Vnitid  State*  Patent  O^e— Official  Gazette,  Vol.  LXXVI.  Noa.  12,  13:  Vol. 
LXXVU.  No*.  1-8.     8vo.     1896. 
Alphabetical  Liata  of  Patenteea  and  Inventions  for  quarter  ending  March  and 
June,  1896.    Svo.     1896. 
r«r«i>i  lur  BefOrdentng  dt*  Orwerbfleines  in  Prmuaen — Veibandlangcn,  1897, 

Ueft  1.     4tu. 
Viamna,  Imperuii  Geotogieal  Tfulilute — Verhnndlongen,  1896,  Nos.  16-18.     8vn. 
WaiUr,  Pru/eitor  Augmlut  D.  M.D.  F.R.S.  Jf.i?./.— Electro-PhygioIoRy.     By  W 
Bbdeniann.    T^nsLttted  by  F.  A.  Wclby.    Vol.  I.    Svo.    1S96. 


364 


Mr.  Shel/urd  BidweU 


[Mucb  3,  J 


WEEKLY  EVENING  MEETING. 
Friday,  March  5,  1897- 

Sia  Fkkdkbick  Bramwkll,  Bart.  D.OX,  LL.D.  F.R.S.  Honorwj 
Secretary  and  Vice-President,  in  the  Chair. 

Shiuord  Bidwkll,  Esq.  M.A.  LL.B.  F.R.S.  M.R.I. 

Some  Curioaitiet  of  Vition. 

The  fanction  of  the  eye,  regarded  as  an  optical  instmment,  is  limitol 
to  tbe  formation  of  luminous  images  upon  the  retina.  From  a  purely 
physical  ])oint  of  view  it  is  a  simple  enough  piece  uf  apparatas,  atiil. 
as  was  forcibly  pointed  out  by  Heliuholtz,  it  is  subject  to  a  nauberi)f 
defects  which  can  be  deiuonstrattxl  by  the  Riniplnst  tests,  and  which 
would,  in  a  shop-bought  instrmneut,  be  considered  intolerable.  ^t 

What  takes  place  in  the  retina  itself  under  luminous  excitation,  ^M 
and  how  the  sensation  of  sight  is  produced,  are  questions  which 
belong  to  the  Keieuces  of  physiology  and  psychology ;  and  in  the 
physiological  and  psychological  departments  of  the  visual  machinery 
we  meet  with  an  additional  hr>Bt  of  objectiouuble  peculiarities  from 
which  any  humanly  constructed  apparatus  is  by  the  nature  of  tbe  case 
free. 

Yet  in  spite  of  ail  these  drawbacks  our  eyes  do  us  excellent 
service,  and  provided  that  they  are  free  from  actual  malformatinn  »«<! 
have  not  saffered  from  injury  or  disease,  we  do  not  often  find  fault 
with  them.  This,  howevt-r,  is  not  because  they  are  as  good  as  they 
might  be,  but  because  with  incessant  practice  wo  have  acquired  a  very 
high  ilegree  of  skill  in  their  use.  If  anything  is  more  remarkahio 
than  the  ease  and  certainty  with  which  we  have  learnt  to  interpret 
ocular  indications  when  tliey  are  in  some  sort  of  conformity  with  ei- 
ternal  objects,  it  is  the  pertinacity  with  which  we  refuse  to  be  misled 
when  our  eyes  are  doing  tlieir  best  to  deceive  us.  In  our  earliest 
years  wo  began  to  find  out  that  wo  inuHi  not  believe  all  we  saw: 
experience  gradually  taught  us  that  on  certain  pointa  and  under 
certain  circiimfitaiiccB  the  inilieatiunB  of  our  organs  of  vision  were 
uniformly  meaningless  or  fallacious,  and  wo  soon  discovered  that  it 
would  save  us  trooblo  and  add  to  the  c^>mfort  of  life  if  we  cultiratal 
a  habit  of  completely  ignoring  all  such  vinnal  sensations  aa  were  of  ^| 
no  practical  value.  In  this  luoKt  of  us  have  been  remarkably  sue-  ^M 
cessful,  so  much  so  that,  if  from  niotivus  of  cariosity  or  for  the  sake 
of  scientific  experiment,  we  wish  tu  direct  our  attention  to  the  sensa- 
tions in  question  and  to  see  tilings  as  thoy  actually  appear,  we  can 


1897.1 


on  Sbme  Cvrio$itiei  of  Vision. 


866 


I 


only  do  eo  w^ith  the  greatest  di£5cnlty  ;  sometimes,  indeed,  not  at  all, 
xmleas  with  the  assistaoce  of  some  Bpecially  contrived  artifice. 

I  propose  to-night  to  discuss  a  few  of  the  less  familiar  vagaries  of 
the  vianal  organs,  and  will  do  my  boat  to  assist  in  the  illustration  of 
them.  Bat  it  will  be  my  part  merely  to  provide  the  apparatua  for 
the  experiments;  the  experiments  themselves  must  be  carried  out  by 
each  uf  yon  individually.  Some  of  them  will,  I  am  a&uid,  be  found 
ratlier  difHcalt ;  success  will  depend  mniuly  upon  your  power  of 
laying  aside  habit  and  prejudice  and  giving  cIoro  attention  to  your 
viaoal  sensations.  I  hardly  dare  to  hope  that  every  one  present  will 
obaerre  all  the  peculiarities  and  defocts  which  it  is  intended  to 
domoDslrate,  but  in  case  of  failure  I  generally  find  that  there  is  a 
ocmfortable  tendency  to  attribute  it  not  to  any  deficiency  in  the 
obserrer's  power  of  concentrating  his  attention,  but  to  the  fact  that 
his  eyes  are  not  as  other  mens',  and  are  free  from  the  particular  defect 
which  it  is  desired  to  bring  into  prorainenoe.  Of  course  any  one  is 
welcome  to  such  an  entirely  satisfactory  opinion. 

Among  the  most  annoying  of  the  eccentricities  which  characterise 
the  sense  of  visiim  is  that  known  as  the  persistence  of  impressions. 
Hie  sensstiun  of  sight  which  is  produced  by  an  illuminated  object  does 
not  cease  at  the  moment  when  the  exciting  cause  is  removed  or  ehauged 
in  position,  but  continues  for  a  period  which  is  generally  said  to  bo 
aboot  j)^  second,  but  may  sometimes  be  much  more  or  lesd.  It  is  for 
this  reason  that  wo  cannot  see  the  details  of  anything  which  is  in 
rapid  motion,  but  only  an  indistinct  blur,  resulting  from  the  confu- 
sion of  Buooessivo  impressions.  When  I  turn  this  disc,  which  is 
painted  in  black  and  white  sectors,  you  soon  lose  eiglit  of  the 
divisions,  and  if  the  speed  is  high  enough  the  whole  Biiri'aco  appears 
to  be  of  a  uniformly  grey  hne.  If  we  illuniinato  the  rotating  disc 
by  a  properly  timed  series  of  electric  flashes,  it  looks  as  if  it  wt:ro  at 
nat,  and  in  spite  of  the  intermittent  nature  of  the  li^ht,  tho  black  and 
white  sectors  are  seen  quite  continuously,  though  as  a  matter  of  fact 
the  intervals  of  darkness  are  very  much  longer  than  those  of 
ioation. 

The  persistent  impressions  which  we  have  been  discussing  are 
spoken  of  as  positive  after-images. 

There  is  one  very  remarkable  phenomenon  aooompanying  tlie 
formation  of  positive  after-images,  especially  thoKe  following  brief 
ill  ami  oat  ion,  which  seems,  until  comparatively  roctfut  times,  to  have 
cntirvly  escaped  the  notice  of  the  most  acute  observers.  It  was  firitt 
obnerved  accidentally  by  Prof.  C.  A.  Young,  when  he  was  experiment- 
ing with  a  large  electrical  machine  which  had  been  newly  acquired 
tor  his  latMjratury.  lie  noticed  that  when  a  powerful  Leydeu  jar 
urge  took  place  in  a  darkened  room,  any  conspicuous  object  wns 
twice  at  least,  with  an  interval  of  a  trifle  loss  than  a  quarter  of  a 
W<'*nd,  thp  first  time  vividly,  the  sex-.ond  tinio  faintly.  Often  it  was 
aauiathird  time,  and  sometimes,  but  only  with  great  difHculty,  even  a 
Couth   time.     He  gave  to  this  phenomenon  the  name  of   recnrrt-ut 


Mr.  Shfl/ord  Bidteell 


Tision :    it  mnj   perhaps   be   more  appropriately    denonuDated  the 
Young  effect. 

We  Lave  here  a  machine  presented  to  the  Institation  by  Mr 
Wimshnrst,  which  is  a  giant  in  coraparisou  with  that  asod  by  Pn:* 
YooDg,  and  I  hope  by  its  means  to  be  able  to  shotv  the  effect  toetei 
one  present  who  will  give  a  little  attention.  Look  in  the  directioo 
some  object  which  is  exposed  to  the  light  of  the  di»;har0c  :  theobj( 
will  be  seen  for  aa  inHtant  at  the  moment  when  the  spark  passec  and 
yon  hear  the  crack,  and  after  a  dark  interval  of  al>ont  \  second  it  will 
make  another  brief  appearance.  Some  of  yon  may  perhaps  see  even 
a  second  roonrreut  image.  Under  certain  conditions  I  myself  hare 
observed  no  less  than  six  reappearances  of  an  object  which  wu 
illuminated  by  a  single  discharge. 

Twelve  years  ago  I  called  attention  to  a  very  different  method  of 
exhibiting  a  recurrent  image.  The  apparatus  used  for  the  purpoM^ 
consists  of  a  vacuum  tube  mounted  in  the  ui 
way  u]ion  a  horizontal  axis  capable  of  rotatu 
When  the  tube  is  illuminated  by  a  rapid 
cession  of  discharges  from  an  induction  coil,  trti 
ia  made  to  rotate  very  slowly  (at  the  rate  of 
about  one  turn  in  two  or  three  seconds)  a  very 
curious  phenomenon  may  be  noticed.  At  » 
distance  of  a  few  degrees  behind  the  tube,  uiil 
separated  from  it  by  a  clear  interval  of  darkness, 
comes  a  ghost.  This  ghost  is  in  form  an  exact 
reproduction  of  the  tube :  it  is  very  clearly  dc- 
iined,  and  though  its  apparent  luminosity 
feeble,  it  can  no  doubt  be  easily  seen  by  m< 
of  you.  The  varied  colours  of  the  original 
however,  absent,  the  whole  of  the  phantoui  tu 
being  of  a  uniform  bluish  or  violet  tint.  If 
rotation  ia  suddenly  stopped,  the  ghost  sti 
moves  steadily  on  until  it  reaches  the  lominou' 
tube,  with  which  it  coalesces  and  so  disappeai 
(See  Fig.  1,  where  the  recurrent  image  is  in' 
cated  by  dotted  lines.) 
.  ,     ,         .  I  returned  to  the  subject  three  or  fonr  y 

ago,  with  ttie  prim^py  object  of  ascertaining  whether  or  not  the  Tonnf 
eitect  was  identicaj  ^jt},  ^^g  ^^^^^  j,^^  recently  been  discovered  by 
Charpentier.  and  ^^^^^^  ^jn  ^  referred  to  presently.  A  certain 
phenomenon  wh^^ij  j  jj^.i  attributed  to  the  Young  effect  was  quoted 
by  Lnarpentier  ^g  oxemplifying  his  own  nowlv-observed  one.  I 
found,  however,  that  the  two  effects,  though  Loth  of  an  oscillatory 
character,  were  j^  f^^t  quite  distinct  from  one  another.  The  r««uH« 
ol  my  experim^^tg  jjj  j-gjation  to  this  and  other  allied  matters  wen» 
embodied  m  a  communioation  to  the  Boyal  Society.' 
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♦  Proo.  Boy.  fioc.  vol   Ivi.  p.  132  (1894). 
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In  inT6«tigatiDg  the  inflnence  of  colour  upon  the  Toung  effect, 
two  methods  of  experimenting  were  employed.  In  tho  first,  ooloored 
light  WM  obtained  by  pasfling  white  light  through  coloured  glaases  ; 
in  the  second  and  more  perfect  series  of  exporimeiits,  the  pore 
4)ol(rar«d  light  of  the  speotmm  was  used.  Among  other  results,  it 
was  found  that  ceteriB  paribus  tho  recurrent  image  was  much  stronger 
with  green  light  than  with  any  other,  and  that  when  the  excitation 
WIS  prodnced  by  pure  red  light,  however  intense,  there  was  no 
recaireBt  imago  at  all. 

I  intend  to  attempt  a  repetition  of  my  first  experiment  before 
you.  A  metal  disc  with  a  sinall  circular  aperture  near  its  edge  is 
placed  in  the  lantern,  and  its  image  projected  upon  the  screen. 
When  the  disc  is  turned  slowly  the  spot  of  light  upon  the  screen 
goes  round  and  round,  and  some  of  you  may,  perhaps,  be  able  to  see 
at  onoe  that  the  bright  primary  spot  appears  to  bo  followed  at  u  short 
diatance  by  a  much  feebler  spot  of  a  violet  colour,  which  is  the  re- 
eorrent  image  of  the  first.  It  is  essential 
k)  keep  the  direction  of  the  eyes  per- 
itietly  steady,  which  is  not  an  easy  thing 
•a  do  without  practice.  (See  Fig.  2.)  If 
we  place  a  green  glass  before  tho 
Imu,  the  ghost  will  be  at  its  best,  and 
an  of  you  should  he  able  to  see  it,  pro- 
vided that  you  do  not  look  at  it.  With 
an  orange  glass  tho  ghost  becomes  less 
difltiuoUy  visible,  and  its  colour  generally 
Apean  to  be  bluish -green  instead  of 
nolet  MB  before.  When  a  red  glass  is 
Bobatitutod  the  ghost  completely  disap- 
paara.  If  the  speed  of  rotation  is  suf- 
ficiently high,  the  red  spot  is  considerably 
•lofDgatod  during  its  revolution,  and  its  colour  ceases  to  be  uniform, 
Um  rear  portion  assuming  a  light  bluish-pink  tinge.  But  however 
great  tlto  speed,  no  complete  scporatiou  of  tho  spot  into  red  and  pink 
portions  can  be  efftMrted,  and  no  recurrent  image  is  over  formed. 

The  spectrum  method  of  observation  can  only  be  carried  out  on  o 
niall  «calc,  and  cannot  be  exhibited  to  an  andicnco.  It,  however, 
aSoris  the  best  means  of  ascertaining  how  far  tho  apparent  colour  of 
Ik*  recorrent  image  depends  upon  that  of  the  primary,  a  matter  of 
■dm  ibeoretical  interest.  I  found  that  white  light  was  followed  by  a 
fioltl  raoomot  image ;  after  blue  and  green,  when  the  imago  was 
hri^blMt,  ita  colour  was  also  violet ;  after  yellow  and  orange  it 
ippMMd  Um  or  greenish-blue.  On  the  other  hand,  when  a  complete 
was  caused  to  revolve  upon  the  screen,  the  whole  of  its 
it  image  from  end  to  end  appeared  violet;  there  was  no 
of  blue  or  greenish-blue  at  the  less  refrangible  end.  For 
•ad  other  reasons  it  was  concluded  that  the  true  colour  was  in 
*Q  CMH  really  violet,  tlte  blue  and  greenish-blue  apiMtrently  seen  in 
Vou  XV.     (No.  91.)  2  B 
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conjunotion  with  the  much  brighter  yellow  and  orango  of  the  primtiy 
being  merely  an  illnsory  effect  of  contrast.     [This  contrast  effect  vu  ^ 
illustrated  by  a  lantern  slide.]     It  »ecms  likely,  then,  that  the  effeotfl 
which  bos  been  siKiken  of  as  recurrent  vision,  is  due  principally,  i^     i 
not  entirely,  to  an  action  of  the  Tiolet  nerve  fibres.     It  need  hudly 
be  pointed  out  that  it  represents  only  a  transient  phase  of  the  well 
kno\rn  positive  after-image,  and  it  had  even  been  observed  in  a  ngne 
and  nncertain  sort  of  way  long  before  the  date  of  Prof.  Yonng* 
experiment.     Helmholtz,  for  example,  mentions  the  ca^e  of  ■  poeitive 
after-image   which   seemed  to   disappear  and    then  to  brighten  op 
again  ;  but  ho  goes  on  to  explain  that  the  seeming  disappearanco  wu 
illnsory. 

M.  Charpentier,  of  Nancy,  whoso  name  I  have  already  mentionwl, 
was  the  first  to  notice  and  record  a  remarkable  phenomenon  which, 
in  some  form   or  other,  must  present   itself  many  times  daily  to 

every  person  who  is  not  blind,  tot 
which,  until  about  six  years  ago,  btd 
been  absolutely  and  universally  iij^oml 
The  law  -which  is  associated  with  Chw- 
pentier'a  name  is  this  : — When  darkness 
in  followed  by  light,  the  stimulus  whioli 
the  retina  at  first  receives,  and  whiili 
causes  the  sensation  of  luminosity,  ii 
succeeded  by  a  brief  period  of  in- 
sensibility, resulting  in  the  sensation  of 
momentary  darkness.  It  appears  thtt 
the  <lark  period  begins  about  ^  leeotA 
after  the  light  has  first  been  adoittei 
to  the  eye,  and  lasts  for  about  an  eqoil 
time.  The  whole  alternation  from  hght 
to  darkness  and  back  again  to  light  is  performed  so  ra])idly,  th»t 
except  under  certain  conditions,  which,  however,  occur  frequcutlj 
enough,  it  cannot  bo  detected. 

The  apparatus  which  Charpentier  employed  for  demonstratiag 
and  mcasoring  tbe  duration  of  this  effect  is  very  simple.  It  coufl^ 
of  a  blackened  disc  with  a  white  sector  tnonoted  upon  an  axis.  Wh«i 
the  disc  is  illnminated  by  sunlight  and  turned  rather  slowly,  thon 
appears  upon  the  white  sector  close  behind  its  leading  edge  a  narrotr 
but  well-defined  dark  band  (See  Fig.  3).  The  jmrtion  of  the  rotin* 
which  is  apparently  occupied  at  any  moment  by  the  dark  band  i< 
that  upon  which  the  light  reflected  by  the  loading  edge  of  tbe  whitt 
sector  has  fallen  j-'j  second  previously. 

But  no  special  apparatus  is  required  to  show  the  dark  reaotion; 
it  is,  as  I  have  said,  an  exceedingly  common  pheuomenon.  In  Fig,  ^ 
an  attempt  bus  been  made  to  illustrate  what  any  one  may  see  if  be 
simply  moves  bis  hand  between  bis  eyes  and  the  sky  or  any  strongly 
illuminated  white  surface.  The  hand  appears  to  be  followed  b^  * 
dark  outline  separated  from  it  by  a  bright  intervaL     The  eante  kinl 
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of  thing  happens  in  a  more  or  less  mnrkod  degree  wkonover  a  dark 
object  moves  across  a  bright  background,  or  a  bright  objeot  aoross  a 
<ittk  background. 

In  order  to  see  the  effect  diBtinctly  by  Clmrpentier's  original 
Bttliod,  the  iUaniiDatioQ  must  be  strong.  If,  bowcTer,  the  arraoge- 
nentia  slightly  rarie<l,  so  that  transmitted  instead  of  reflected  light 
i>  nude  use  of,  comparatively  feeble  illumination  is  sufficient.  A 
vnry  effective  way  is  to  turn  a  small  metal  disc  having  an  open 
••ctor  of  about  60',  in  front  of  a  sheet  of  gronnd  or  opal  glass  behind 
*l»icb  18  A  lamp.  By  an  arrangement  of  this  kind  upon  a  larger 
■<^e,  the  effect  may  easily  be  rendered  visible  to  an  audience.  The 
<7tt  should  not  be  allowed  to  follow  the  disc  in  its  rotation,  but 
■itoald  be  directed  steadily  npon  the  centre.     [Experiment.] 

The  acute  and  educated  vision  of  Charpentier  enabled  him,  even 
vitoi  working  with  bis  black  and  white  disc,  to  detect  the  existence, 
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'  faTourable  conditions,  of  %  second,  and  sometimes  a  third  dark 
of  greatly  diminished  intensity,  though  he  remarks  that  the 
tion  is  a  very  difficult  one.  What  is  probably  the  same  effect 
<*>«  however,  be  shotra  quite  eanly  in  a  different  manner.  If  a  disc 
I  a  very  narrow  radial  slit  5V  inch  or  \^  mm.  wide,  is  caused  to 
)  at  tiio  rata  of  about  one  turn  per  second  in  front  of  a  bright 
ad,  such  as  a  sheet  of  ground  glass  with  a  lamp  behind  it, 
tttovtng  slit  assomee  the  appearance  of  a  fan-shaped  luminous 
' ,  the  brightness  of  which  diminishes  with  tbo  distance  from  the 
jg  mlge.  And  if  tbe  eyes  are  steadily  fixed  upon  the  centre  of 
'**iliMi  it  will  be  noticcil  that  this  bright  image  is  streaked  with  a 
of  dark  radial  bands,  suggestive  of  the  ribs  or  sticks  of  the 
Nflar  the  circumforence  as  many  as  four  or  five  such  dark 
«ftQ  be  distingnisbed  without  difficulty ;  towards  the  centre 
'  ue  Ims  OODSpicoons,  owing  to  the  overlapping  uf  the  successive 
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images  of  the  slit.*     [The  effect  was  demonstrated  bj  means  of  a 
rotating  disc  in  the  lantern,  and  is  roughly  indicated  in  Fig.  5.] 

The  dork  roactiou  known  as  the  Cbftrpcnticr  effect,  occurs  at  the 
beginning  of  a  period  of  illnminatioQ.  Tbore  is  also  a  dark  reaction 
of  very  short  duration  at  the  end  of  a  period  of  illumination.  I 
should  explain  that  owing  to  what  is  called  the  proper  light  of  the 
retina,  ordinary  darkness  does  not  appear  absolutely  black  :  even  in 
a  dark  room  on  a  dork  night  with  the  eyes  carefully  covere*!,  there 
is  always  some  sensation  of  luminosity  which  would  be  sufficient  to 
show  np  a  really  black  image  if  one  could  be  produced.  Nuvr  the 
darknitss  which  is  experienced  after  the  extinction  of  a  light  is  for  a 
small  fraction  of  a  second  more  intense  than  common  darkness. 

I  believe  that  the  first  mention  of  this  dark  reaction  occurs  in  the 
article  which  I  coutribnted  to  '  Nature  '  in  1885,  in  which  it  was  stated 
that  when  the  current  was  cut  off  from  an  illuminated  Tacnnm 
tube  "  the  luminous  image  was  almost  instantly  replaced  by  a  corre- 
sponding image  which  appeared  to  be  intensely  black  upon  a  less  dark 
background,"  and  which  waa  estimated  to  list  from  J  to  J  second. 
"  Ahnarmnl  darkness,"  it  was  added,  "  follows  as  a  reaction  after  the 
luminosity." 

In  the  Royal  Society  paper  to  which  I  have  before  referred  tha 
point  is  further  discussed,  and  a  method  is  described,  by  which  thai 

stage  of  reaction  may  be  easily  exhibited, 

•^         '^  and  its  duration  approximately  measordd. 

^^^^  If   a   translucent   disc    made    of    stoat 

^^^^^^  drawing-paper    and     having     an    open 

^^^^^^       sector,   is    caused   to    rotate   slowly  in 

^^^^^^^     front    of    a    lumiuons    background,    a 

^^^^^^^    narrow  mdial  dark  band  like  a  streak 

j^^^^^^^l    of  black  paint  appears  upon  the  paper 

P^  ^^^1    very  near  the  edge  which  follows  tie 

^^^m    open   sector.     From  the    space  oorered 

^f      by  this  band  when  the  disc  was  rotating 

/        at  a  known  speed,  the  duration  of  tie 

dark  reaction  was  estimated  to  be  ahoot 

3*5  second.     [The  experiment  was  shown, 

Fio.  6.  and  is  illustrated  in  Fig.  C] 

One  more  interesting  point  shenld 
be  noticed  in  the  train  of  visual  phenomena  which  attend  a  period  of 
illumination.  The  sensation  of  luminosity  which  is  excited  when  light 
first  strikes  the  eye  is  for  about  ^\  second  much  more  intense  than  it 
Hubseqnently  becomes.  This  is  shown  by  the  fact  that  the  bright 
band  intervening  botweon  the  leading  edge  of  tha  white  sector  of  a 
Charpontier  disc  and  the  dark  baud,  appears  to  be  much  man; 
strongly  illuminated  than  any  other  portion  of  the  sector. 


I 


*  Proo.  Roy.  Soe.,  vol.  hi.  p.  142  (1894).    A  lUoulAr  obaervatipii  waa  deterilwd 
hf  Chorpentier,  Comptes  BeDdDe,  Jan.  1896. 
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I  propone  now  to  say  a  few  words  about  a  curious  phenomenon 
of  trisiou  which  occupied  luy  attention  towards  the  end  of  last  year.* 

Rather  more  than  two  yeara  ago,  Mr.  C.  E.  Beuham  brought  out 
a  pretty  little  toy  which  he  called  the  Artificial  Spectrum  Top.  It 
consists  of  a  cardboard  disc,  one  half  of  which  is  painted  black,  while 
on  the  other  half  are  drawn  four  successive  groups  of  conccntrio 
black  lines  at  different  distauces  from  the  centre.  When  the  disc 
rotates  rather  slowly  each  group  of  black  lines  generally  appears  to 
asaame  a  different  colour,  the  nature  of  which  depends  upon  the  speed 
of  the  rotation  and  the  intensity  and  quality  of  the  light  Under 
the  best  conditions  tlie  inner  and  outer  groups  of  lines  become 
bright  red  and  dark  blue  ;  at  the  same  time  the  intermediate  gronps 
alao  appear  tinted,  but  the  hues  which  they  assume  are  rather  un- 
certain and  difficult  to  specify.  By  far  the  most  striking  of  the 
ooloors  exhibited  by  the  top  is  the  red,  and  next  to  that  the  blue ; 
this  latter,  however,  is  sometimes  described  as  bluish-green.  [The 
top  was  exbibite^l  as  a  lantern  slide,] 

My  rec«nt  experirocnts  seem  to  indicate  pretty  clearly  the  cause 
of  the  romarkablo  bright  red  colour  and  also  that  of  the  blue.  The 
more  feeble  tints  of  the  two  intermediate  gronps  of  lines  perhaps 
ramlt  from  similar  causes  in  a  modified  form,  but  these  I  hare  not 
jet  investigated. 

In  the  rod  colour  we  have  another  striking  example  of  an  ex- 
ceedingly common  2)henomenon  which  is  habitually  disregarded; 
indeed,  I  can  find  no  record  of  its  over  having  beon  noticed  at  alL 
The  fact  is,  that  whenever  a  bright  image  is  suddenly  formed  upon 
the  retina  ekfter  a  period  of  comparative  darkness,  this  image  appears 
for  a  short  time  to  be  surrounded  by  a  narrow  coloured  burder,  the 
colonr  under  ordinary  conditions  of  illnmination  being  red.  If  the 
light  is  very  strong  the  transient  border  is  greenish-blue.  Somotimes 
both  rod  and  blue  borders  appear  together,  the  bhio  being  inside  the 
red.t  The  colour  generally  seen  is,  however,  red,  and  it  is  most 
oonspicnous  with  good  lamp-light. 

This  observation  was  first  made  in  the  following  manner.  A 
blAckoned  zinc  plate  with  a  small  round  hole  in  it  is  fixed  over  a 
larger  bole  in  a  wooden  board;  the  hole  in  the  zinc  is  covered  with 
a  piece  of  thin  white  writing  paper.  Thus  we  are  furnished  with  a 
sharply  defined  trauRlaceut  disc  which  is  surrounded  by  a  perfectly 
opaqao  substance.  An  arrangement  is  mode  for  covoring  the  trnns- 
looent  disc  with  a  shutter  which  can  bo  opened  very  rapidly  by 
Deans  of  a  strong  spring.  If  this  apparatus  is  held  between  the 
frjes  and  a  lamp,  and  the  translucent  disc  is  suddenly  disclosed  by 
working  the  shutter,  the  disc  appears  for  a  short  time  to  be  sur- 
rmuuled  by  a  narrow  red  border.    The  width  of  the  border  is  perhaps 


•  ftea  Boy.  80c,  vol.  Ix.  p.  370  (1890). 

t  I  have  recently  ihown  that  tho  i^tieiiub-blue  border  is  simply  the  "  negative 
■/tcr-inuge  "  of  the  red  one. — April  21th. 
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^  inch  or  1  mm^  and  tbe  appearance  lasts  for  something  like 
^i^  seoond.  Meet  people  are  at  first  quite  uunble  to  recognise  this 
effect,  the  difficulty  being  not  to  see  it  but  to  know  that  one  sees  it. 
Those  who  have  been  accustomed  to  visual  observBtions  geneitlly 
perceive  it  without  any  difficulty  when  they  know  what  to  look  for, 
and  no  doubt  it  would  be  quite  evident  to  a  baby  a  few  weeks  old, 
which  had  not  advanced  very  far  in  tbe  education  of  its  eyes. 

The  observation  is  made  rather  less  difficult  by  a  further  device. 
K  the  disc  is  divided  into  two  parts  by  an  o])a<]ue  strip  aorosB  tit 
middle,  it  is  clear  that  each  half-disc  will  have  its  red  border,  and,  if 
the  strip  is  made  sufficiently  narrow,  the  rod  borders  along  its  eJgM 
will  meet,  or  perhaps  overlap,  and  the  whole  strip  will,  for  a  moment 
after  the  shutter  is  opened,  apjwar  red.  A  disc  was  prepared  ly 
gumming  across  the  paper  a  strip  of  tin  foil  about  ,V  »"*''>  '''''f- 
The  effect  produced  when  such  a  disc  is  exposed  is  indicated  in 
Fig.  7,  the  red  colour  being  represented  by  shading. 


Fio.  7. 


A  simpler  apparatus  is,  however,  quite  sufficient  for  showing  tls^ 
effect,*  and  with  practice  one  can  even  acquire  the  power  of  seeing  it 
without  any  artificial  aid  at  all.  I  have  many  times  noticed  fiaahes  of 
red  upon  tho  black  letters  of  a  book  that  I  was  reading,  or  upon  the 
edges  of  a  page  :  bright  metallic  or  polished  objects  often  show  it 
when  they  pass  across  tbe  field  of  vision  in  consequenoe  of  a  mon* 
ment  of  the  eyes,  and  it  was  an  accidental  observation  of  this  HbA 
which  suggested  the  following  easy  way  of  exhibiting  the  effect 
experimentally. 

An  electric  lamp  was  fixed  behind  a  round  hole  in  a  sheet  of 
metal  which  was  attached  to  a  Itoard.  Tho  hole  was  covered  with 
two  or  three  thicknesses  of  writing  paper,  making  a  bright  diso  of 
nearly  uniform  luminosity.  When  this  was  moved  rather  quickly 
either  backwards  or  forwards  or  round  and  round  in  a  small  circle, 

•  See  •  Nature,*  »ol.  Iv.  p.  367  (Feb.  18,  1897). 
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the  edges  of  the  streftk  of  light  thus  formed  appeared  to  be  bordered 
with  red.     [Esperimcat  shown. J 

If  this  experiment  is  performed  with  a  strong  light,  the  hole 
heoaaua  bordered  with  greeuieh-blue  instead  of  red.  With  an  inter- 
hiediate  degree  of  illnminatioa  both  blao  aud  red  may  be  seen  together, 
the  bine  being  ioRide  the  red. 

Most  of  the  effects  that  have  so  far  been  described  were  produced 
1>7  transmitted  light,  but  reflected  light  will  show  them  eqntdlj  well. 
If  joa  place  a  printed  book  before  yon  near  a  good  lamp  and  inter- 
|i08e  a  dark  screen  before  yonr  eyes,  then,  when  the  screen  is  suddenly 
Irithdrawn,  the  printed  letters  will  for  a  moment  appear  red,  quickly 
Bhaoging  to  black.  Some  practice  is  required  before  this  observation 
ban  be  made  satisfactorily,  bat  by  a  simple  device  it  is  possible  to 
Dbliterate  the  image  of  the  letters  before  the  redness  has  had  time  to 
disappear ;  the  coloar  then  becomes  quite  easily  perceptible.  Hold 
two  screens  together  side  by  side,  a  black  one  and  a  white  one, 
in  SQch  a  manner  that  there  is  a  triangular  opening  left  between 
Ibem.     In  the  tirst  place  let  the  block  screen  cover  the  printing,  then 

Joickly  move  the  screens  siileways  so  that  the  printed  letters  may  be 
>r  a  moment  exposed  to  view  through  the  gap,  stopping  the  move- 
ment as  soon  as  the  page  is  covered  by  the  white  screen.  During 
the  brief  glimpse  that  will  be  had  of  the  black  letters  while  they  are 
beneath  the  gap,  they  will,  if  the  illumination  is  suitable,  appear  to 
ibe  bright  r6d. 

We  may  go  a  step  farther.  Cat  oat  a  disc  of  white  cardboard, 
divide  it  into  two  equal  jmrts  by  a  straight  line  through  the  centre, 
Bud  paint  one  half  black.  At  the 
junction  of  the  black  and  white  portions 
eat  oat  a  gap  which  may  conveniently 
be  of  the  form  of  a  sector  of  about  15° 
Fig.  6).  Stick  a  long  pin  through 
oeutre  and  hold  the  arrangement 
pointed  end  of  the  pin  a  few 
above  a  printed  i»age  near  a 
light.  Make  the  disc  spin  at  the 
of  abont  6  or  6  turns  a  second 
striking  the  edge  with  the  finger, 
'ore,  the  lettera  when  seen  through 
ip  will  appear  red,  and  persistence 
ronder  the  repeated  impressions 
eontinuouB.  Care  must  be  taken 
th«  disc  does  not  cast  a  shadow 
m  the  printing,  and  that  the  intensity  of  the  illumination  is  properly 
I  have  here  several  rather  more  elaborate  contrivances  for 
g  discs  rotate. 

none  of  these  experiments  does  an  extended  block  surface  ever 
red,  but  only  black  dots  or  lines,  which  may  of  course  have  the 
form  of  letters.     And  the  lines  must  not  be  too  thick  :  if  their  thiok- 
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ness  IB  much  more  than  ^'^  inch  or  1  mm.  the  lines,  as  seen  by  to. 
observer  at  a  distance  of  two  or  three  feet,  do  not  become  red  tbrougL- 
out  but  only  aloDg  their  edges.  The  red  appearance  is  in  iact  u(A 
due  to  the  black  linos  themselves  at  all ;  those  serve  merely  as  i 
background  for  showing  up  the  red  border  which  fringes  extemillj 
the  white  portions  of  the  paper,  and  the  width  of  this  border  does  not 
Axceed  about  one-fifth  of  a  degree. 

[By  means  of  a  large  rotating  disc  some  designs  in  black  lines  anil 
letters  were  made  to  appear  rod,  the  eifect  being  visible  in  all  parts  of 
the  theatre.] 

When  the  disc  is  turned  in  the  opposite  direction,  the  black  hues 
appear  at  first  sight  to  become  dark  blue.  Attentive  observttioD, 
however,  shows  that  the  apparently  blue  tint  is  not  formed  upoa  the 
lines  thomsolvos  as  the  red  tint  was,  but  upon  the  white  ground  jafit 
outside  them.  This  introduces  to  our  notice  another  border  phe- 
nomenon which  seems  to  present  itself  when  a  dark  patch  is  suddenlj 


Fio.  9. 


formed  on  a  bright  ground,  for  that  is  essentially  what  takes  pUcB 
when  the  disc  is  turned  the  reverse  way.  I  made  some  attempts  to 
obtain  more  direct  evidence  that  such  a  dark  patch  appeared  for  * 
moment  to  have  a  blue  border,  and  after  some  trouble  succeeded  io 
doing  so. 

A  circular  aporturo  was  cut  in  a  wooden  board  and  covered  with 
white  paper :  a  lamp  was  placed  behind  the  board,  and  thus  a  bri^t 
disc  was  obtained  as  in  the  former  experiment.     An  arrangement  wi0 
prepared  by  means  of  which  one  half  of  this  bright  disc  could  b* 
suddenly  covered  by  a  metal  shutter,  and  it  was  found  that  wheo 
this  was  done  a  narrow  blue  band  appeared  on  the  bright  ground  jas* 
beyond  and  adjoining  the  edge  of  the  shutter  whon  it  had  come  t" 
rest.     The  blue  band  lasted  for  about  -^jy  second,  and  it  seemed  t" 
disappear  by  retreating  into  the   black  edge   of  the   shutter.    A^ 
attempt  has  been  made  to  illustrate  it  in  Fig.  9,  where  the  shsdd*^ 
band  indicates  the  blue  border. 
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'  We  have  then  to  account,  if  poafiible,  for  the  two  facts  that  in  the 
lonnation  of  these  transient  borders  the  red  sensation  oocutb  in  a 
{portion  of  the  retina  which  has  not  been  exposed  to  the  direct  action 
'  light,  while  the  blue  occurs  in  a  portion  which  is  exposed  to  nn- 
anged  illumination.  Accepting  the  Young-Helmholtz  theory  of 
iloor  vision,  the  effects  must,  I  think,  bo  attributed  to  a  sympathetic 
iection  of  the  red  nerve  fibres.  When  the  various  nerve  fibres 
upying  a  limited  portion  of  the  retina  are  suddenly  stimulated  by 
hite  or  yellow  light  of  moderate  intensity,  the  immediately  surround- 
g  red  nerve  fibres  are  for  a  short  period  excited  sympathetically, 
'hile  the  Tiolet  and  green  fibres  are  not  so  excited,  or  in  a  much  less 
And  again,  when  light  is  suddenly  cut  off  from  a  patch  in  a 
ight  field,  there  occurs  an  insensitive  reaction  in  the  red  fibres  just 
taide  the  darkened  patch,  in  virtue  of  which  they  cease  for  a 
leat  to  respond  to  the  luminous  stimulus:  the  green  and  violet 
by  continuing  to  respond  uninterruptedly,  give  rise  to  the 
ion  of  a  blue  border, 
ether  or  not  the  hypothesis  which  I  have  suggested  is  correct 
its  details,  it  is,  I  think,  sufficiently  obvious  that  the  red  and 
'colours  of  Benham's  top  are  due  to  exactly  the  same  causes  as 
coloun  observed  in  my  own  experiments,  for  the  essential  ooudi- 
lons  are  the  same  in  both  cases. 

I  have  mentioned   only  a  few  among  many  curious  phenomena 

bich  have  presented  themselves  in  the  course  of  my  investigation. 

It  is  not  improbable  that  a  careful  study  of  the  subjective  effects 

firaduoed  by  intermittent  illtmiination  would  lead  to  results  tending 

to  clear  up  many  doubtful  points  in  the  theory  of  colour  vision. 

[S.B.] 
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WEEKLY  EVENING  MEETING, 
Friday,  March  12,  1897. 

Sia  Fbkdkbjck  Abkv,  B&rt  K.C.B.  D.GX.  LLJ>.  F.B.S. 
Vice-President,  in  the  Gh&ir. 

FBoruME  Abthxtb  Siothxlia,  B.So.  FXC. 

The  Source  of  Light  in  Flame*. 

Whkm  hydrogen  boms  in  oxygen  the  gases  unite  to  form  steam, 
a  flame  of  simple  stractnre  is  obtained.  The  light  is  of  very  fceblo 
intensity,  so  feeble  when  the  hydrogen  is  highly  puri£ed  and  when 
both  gases  are  free  from  dost,  that  the  flame  is  scarcely  Tisible  in  k 
room  from  which  all  other  light  is  oxclnded.* 

To  what  is  the  light  of  this  flamo  due  ?  It  is  not  sufficient  to 
say  that  it  is  the  result  of  chemical  action  attended  by  the  evolution 
of  much  heat.  Light  is  of  an  undulatory  nature,  and  the  nndolationi 
luise  during  an  oscillatory  process  associated  with  matter.  Wo 
desire  to  know  with  what  particular  kind  of  atoms  or  molecules  tLe 
light  of  a  hydrogen  flame  is  associated.  It  may  bo  said  that  when 
hydrogen  combines  with  oxygen  the  heat  that  is  produced  it 
necessarily  contaiued,  as  it  wore,  in  the  steam,  and  that  therefore  it 
is  the  steam  that  glows.  This  raises  the  question  as  to  what  evideooe 
we  have,  apart  from  flames,  of  the  possibility  of  making  gases  glov 
by  the  simple  process  of  heating  them.  The  evidence  is  nearly  tH 
negative.  None  of  the  common  gases,  including  those  contained  in 
the  best  known  flames,  have  been  made  to  glow  when  heated  by  a 
purely  baking  or  roasting  process  to  the  btghest  obtainable  tempen- 
tiire.  The  passage  of  an  electric  discharge  through  the  gases  is  not 
t»  be  regarded  as  merely  a  heating  process. 

Aiuong  the  gases  that  can  be  made  to  glow,  the  most  conspicnoitf 
is  iodino.  Tho  vapour  of  this  substance  shows  a  distinct  red  fjlow  at 
a  tompcraturo  below  that  at  which  glass  is  visibly  red.f  [Experi- 
ment shown.]  It  is  possible  that  some  chemical  action^  namely, 
dissociation  aud  rccombiuation,  may  be  iu  progress  in  the  iodina 
vapour,  and  that  the  emission  of  light  may  be  due  to  thi&  A  simil*! 
glow,  however,  has  been  obtained  with  bromine,  and,  to  a  lees  extent, 
with  chlorine,!  ^^  temperatures  which  exclude  the  likelihood  of 
dissociation. 


* 


•  Sta«,  CEuvres,  lorae  iii.  p.  228. 

t  Salet, '  Analyse  iSpcctrale,"  p.  173 ;  see  also  PhiL  Mag.  [v]  37,  p.  215  (189*). 

J  EveiBhed,  Pliil.  Mag.  [v]  39,  p.  460  (1895). 
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TLe  great  difficaltj,  and  in  most  cases  the  present  impossibUity, 
(if  making  gases  glow  by  a  mere  increase  of  temperatnre  of  a  direct 
iciiid,  leads  as  to  hesitate  before  we  say  that  a  hydrogen  flame  glows 
merely  becaase  it  contains  hot  steam.  Tlio  iiinttor  may  be  con- 
ladered  from  another  point  nf  view.      When  bydrogea  hums,  the 

rms  of  hydrogen  are  combining  chemically  with  atoms  of  oxygon. 
is  impossible  to  picture  this  process  with  any  certainty  of  detail, 
but  we  do  know  that  the  nucombined  atoms  have  a  store  of  energy 
vbich  is  set  free  ur  becomes  perceptibly  kinetic  when  they  combine, 
lis  action  takes  place  only  when  the  atoms  are  within  each  other's 
lere  of  chemical  attraction,  or,  is  other  words,  when  the  new 
ibetuioe  begins  to  be  formed.  It  seems  impossible  not  to  suppose 
%t  sacb  a  process  entails  in  the  substance  that  is  being  formed  a 
ition  as  regards  motion  which  must  be  considered  apart  from 
■J  condition  of  temperature  which  is  exhibited  by  the  flame  as  a 
^ole.  We  oannot  suppose,  when  a  number  of  atoms  commouce  to 
bnn  a  molecnlar  system,  that  the  liberation  of  their  potential  energy 
wUl  resnlt  directly  in  increased  translatory  motion  of  the  newly 
fanned  molecule.  The  process  may  be  comparcfl  to  two  opjioBitely 
tleeinfied  spheres  approaching  one  another  rapidly  in  space  in  paths 
niffieiently  close  for  the  mutual  attraction  to  determine  their  union 
a  system  of  revolution  ending  in  actual  contact.  During  the 
ence  the  system  would  be  in  a  vibratory  state. 
Without  proi>onnding  any  hypothesis  as  to  the  nature  of  chemical 
it  seems  certain  that  in  the  process  of  chemical  union  the 
rly  formed  sobetanoe  is  in  a  state  that  it  will  bo  very  difHuult, 
perh&ps  even  impossible,  for  it  to  acquire  by  what  we  ordinarily 
id  as  an  increase  of  temperature,  and  this  state  being 
story  may  well  occasion  the  emission  of  light. 
The  oecJllatory  motion  will  bo  short  lived  and  will  disappear  in 
ways,  first  in  producing  radiations,  and  secondly  and  chiefly,  in 
fcting  to  other  impinging  molecules,  and  thereby  to  itself, 
jaflntted  tmnslatory  motion  which  corresponds  to  increase  of 
tnre.  According  to  this  view  the  emisaion  of  light  by  a 
Ig  gas  is  antecedent  to,  rather  than  consequent  upon,  a  high 
ttare,  if  we  used  this  last  term  in  its  ordinary  sense. 
the  number  of  molecules  boing  forme<l  in  a  flame  at  any 
it  18  mmll  compared  with  the  number  of  other  molecules  in 
immediate  neighbourhood,  we  may  have  a  flame  in  which  tho 
of  light  is  associated  with  a  low  general  tempomturo. 
rCMe  arises  with  substances  that  enter  into  combination  freely  at 
^w  i(:tii{M^ratnro8.  A  stream  of  carbon  dioxide  charged  with  a  little 
liosphoros  vapour  produces  a  bright  green  flame  when  it  issues  into 
air.  The  light  is  due  to  phosphoric  oxide,  that  is  to  say,  it  is 
ion  of  phosphoric  oxide  that  occasions  it.  Much  energy 
during  the  formation  of  each  molecule,  but  tho  luminous 
lies  are  so  far  apart,  there  are  so  many  molecules  of  carbon 
le  rottnd  them,  that  the  average  temperature  is  quite  incou- 
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siderable,  aud  the  finger  perceives  no  heat  when  held  in  the  flame. 
K  the  snpply  of  phosphoma  vapour  bo  increased  the  number  of 
luminons  molecules  increases,  the  light  becomes  brighter,  and  the 
temperature  also  rises  in  due  proportion. 

In  the  case  of  hydrogen,  which  does  not  ignite  at  a  low  tem- 
perature, it  is  impossible  to  get  a  cool  sheet  of  flame,  for  by  the 
addition  of  a  neutral  gas,  the  molecules  of  nascent  steam  are  bqqo 
separated  to  such  an  extent  that  the  energy  liberated  is  insufficient  to 
keep  the  general  temperature  of  the  sheet  up  to  the  point  required 
to  stimulate  sufficiently  the  combination  of  tho  incoming  hydrogen. 

If  the  shell  of  burning  gas,  which  constitutes  what  may  be  called 
the  foundation  of  a  flame,  is  very  hot,  it  is  always  possible  that  a 
flooondary  source  of  light  may  be  developed,  due  to  a  purely  baking 
process.  This  may  affect  tho  pro<luct  of  combustion  itself,  or  the 
unbumed  gas  or  some  decomposition  product.  We  might  thus 
anticipate  that  in  the  hydrogen  flame  light  would  come  not  only  from 
the  steam,  which  is  being  formed,  but  also  from  the  hydrogen  within 
the  flame,  which  is  subjected  to  intense  roasting  as  it  asoeods. 
This,  however,  does  not  appear  to  be  the  case.  The  occorrence  of  the 
spectrnm  of  hydrogen  in  that  of  the  oxy-hydrogen  flame  was  described 
by  Pliicker,  but  experiments  undertaken  by  Professor  Liveing.* 
specially  to  test  this  question,  have  decided  it  in  the  negative.  The 
light  of  the  oxy-hydrogen  flame  has  been  examined  spectroscopically 
by  Professors  Liveing  and  Dewar,  Dr.  Huggius  and  others,  and  tin 
spectrum  is  now  attributed  to  water  alone. 

The  light  of  a  hydrogen  flame  is  very  feeble  compared  with  that 
of  most  other  flames.  If  we  ask  why  this  is  so,  wo  are  asking  almost 
the  same  question  that  eighty  years  ago  impelled  Sir  Humphry  Divj 
to  tho  splendid  researches  which  laid  tho  foundation  of  onr  scientific 
knowledge  of  flames.  And  it  was  the  same  question  that  fifty  years 
later  led  Dr.  Edward  Fraukland  to  investigations  of  flame,  whicli 
rank  second  only  to  those  of  his  illustrious  predecessor.  Curionsto 
know  why  an  explosive  mixture  of  coal  gas  and  air  within  a  safety 
lamp  burned  with  a  pale  blue  flame,  whilst  coal  gas  ordinarily  burnt 
with  a  bright  light,  Davy,  after  a  few  simple  experiments,  conclude^ 
that  he  was  correct  in  his  first  surmise,  viz.  "  that  the  cause  of  flis 
superiority  of  the  light  from  the  etream  of  coal-gas  might  be  owing 
to  a  decotnposilion  of  a  port  of  tho  gas  towards  the  interior  of  th" 
flame  where  the  air  was  in  smallest  quantity,  and  the  deposition  of 
solid  charcoal  which,  first  by  its  ignition  and  afterwards  by  iti 
comhtulion,  increased  in  a  high  degree  tho  intensity  of  the  light. 
Davy's  final  and  general  conclusioB  was  that  "  whenever  a  flame  ti 
remarkably  brilliant  or  dense  it  may  be  always  concluded  that  80D>' 
solid  matter  is  produced  in  it ;  on  the  contrary,  when  a  flame  j' 
extremely  feeble  and  transparent  it  may  be  inferred  that  no  sohd. 
matter  is  formed." 


PhU.  Mag.  [v]  34,  p.  371  (1892). 
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In  1867  Dr.  Frankland,  lectaring  before  the  Royal  Institntion,* 
g»v«  »tmng  reasotis  for  dissenting  from  Davj's  views,  both  as  to  the 
canse  of  the  lamiuusity  of  flames  in  general  and  of  the  flames  of 
hvdrocarbons  in  particular.  Dr.  Fraukland's  oonolusiona  may  be 
sanumu-ieed  as  follows  : — 

(i.)  Bright  flamoa  exist  which  do  not  contain  solid  particles. 

(ii.)  The  luminosity  of  flames  depends  mainly  on  the  density  of 
the  Bnbstancea  contained  in  them. 

(iii.)  Feebly  luminous  flames  may  be  made  bright  by  compressing 
the  burning  gases. 

(iv.)  The  luminosity  of  ordinary  hydrocarbon  flames,  such  as 
that  uf  coal  gas,  is  not  due  in  any  important  degree  to  solid  particles 
of  carbon,  but  almost  entirely  to  the  glow  of  dense  hydrocarbon 
Taponn. 

Of  these  conclusions,  two  are  beyond  doubt.  The  flame  of 
phosphorus,  or  of  carbon-disulphide  burning  in  oxygen,  are  examples 
of  bright  flames  in  which  no  solid  matter  can  be  supposed  reasonably 
to  exist.  The  explosion  of  electrolytic  gas  in  a  endiomoter  resting 
on  an  india-rubber  ])ad  produces  a  bright  light,  the  gas  is  hindered 
from  expanding,  and  hence  the  flame  travola  through  the  mixture 
uader  increasing  pret:snre. 

A  table,  in  Dr.  Fronkland's  paper,  shows  the  kind  of  evidence 
from  which  he  c«)ncluded  that  the  brightness  of  flames  depends  on 
the  density  of  the  substances  they  contain,  and  the  general  agreement 
of  fact  with  theory  is  very  striking.  It  is  important  to  know  whether 
the  mie  holds  without  exception,  and  whether  it  is  in  harmony  with 
other  general  laws.  There  are  flames  containing  dense  substances 
which  are  not  bright,  and  flames  which  are  bright  though  thoy  do 
not  oontain  dense  sabstances;  but  these  apparent  excoptions  are 
explained  by  supposing  that  the  temperature  in  one  case  is  vory  low 
and  in  the  other  very  high.  If  this  kind  of  accommodutiou  is  per- 
miMible,  Dr.  Fronkland's  principle  can  hardly  be  submitted  to  a 
rigorous  tost. 

The  fact  that  the  light  of  compressed  flames  is  so  intense  can 
baldly  be  held  to  support  the  general  doctrine  in  any  rational  sense, 
fnr  it  cannot  bo  said  either  physically  or  chemically  that  two  gases 
are  in  a  like  state  when  thoy  have  the  same  density.  As  a  fact  the 
tOGseaaod  luniinoaity  here  accompanying  increased  density  is  unde- 
aiable,  and  Dr.  Franklaud  has  contended  for  no  more  than  this ; 
bat  the  matter  must  be  looked  at  in  the  light  of  the  molocular  theory. 
Thia  theory  would  lead  us  to  expect  increased  light  frora  a  flame 
eantaiiiiog  dense  noatter  if  the  density  were  a  result  of  molecular 
arowdini^  whilst  it  can  at  present  tell  us  nothing  about  the  elfect 
likely  to  enme  from  an  increase  of  density  arising  from  the  greater 


Proc.  Eojr.  Inat.  5,  p.  419.    The  best  account  of  Dr.  Frankland'B  views  it 
inwl  in  ais  Ircturoi  delivered  iit  the  Royiil  Inatitutiun,  and  ndmirebly 
RporlMl  iu  the  *  Journal  of  Ga«  Lighting;.' 


S70 


Trofe$tor  Arthur  SmithelU 


[Mu«hl2, 


iraagbt  of  Uio  iniliTidoal  moleotiles.  For  tbia  reosoa  Dr.  FraoklaDirs 
obMrvatiooB  ou  compressed  fl&mes  may  be  ouDsidered  eesentiftUf 
Tm^OT<)^fei«l  Mriih  the  obfiervations  on  uncomprcBse<l  flames  conUiniog 
•ubstanou  vt  high  molocuhir  weight,  though  the  results  msy  be 
embodied  iu  ii  singlo  statement;  and  to  this  extent  the  geneialisatioo 
losvH  importanoe. 

Tlio  derolopment  of  brightness  in  a  flame  maj  be  conrenienllj 
Btudictl  iu  the  flame  of  hydrogcu  phosphide.  When  this  gu  ii 
«nflicieutly  ililutc^i  with  carbon  dioxide,  the  flamo  has  the  same  gnen 
glow  aa  hits  Ihmju  already  noticed  in  the  case  uf  carbon  dioxide  charged 
witli  phosphorus  vaiwur.  This  glow  is  to  be  ascribed  to  the  f<win»- 
iion  uf  au  oxide  of  phosphorus,  and  since  phosphorus  oxide  itself 
glows  in  preaeooo  of  oxygen  with  exactly  the  same  light,*  we  may 
rcMonably  conclude  that  the  oxide  whoso  formation  determines  the 
glow  is  t)ie  jwiitoxide.  If  now  the  proportion  of  hydrogen  phosphide 
to  Qwlxm  diuxido  bo  slightly  increased,  an  entirely  now  kind  of 
Ittmimtsity  is  developed  iu  the  flame  towards  tho  tip.  This  is  at  firet 
Vdllowish.  but  increases  in  whitoness  and  brilliance  as  tlie  supply  of 
oarbou  dioxide  is  lUmiuishod,  until  finally,  when  the  pure  hydride  i* 
burning,  the  flame  has  the  appearanoo  of  brightly  burning  phosphonu. 
This  yellow  or  white  light  is  to  bo  regarded  as  secondary  in  origin, 
and  to  bo  the  result  of  high  temperature  in  the  ordinary  sense  of  tfan 
word.  In  oonfinnation  of  this  it  may  be  stated  that  the  light  appenn 
iu  exactly  that  place  where,  considering  the  flame  as  a  heating  agent, 
tho  cfioctiTO  temperature  would  be  highest ;  and  further,  if  a  ring  of 
copper  wire  bo  placed  horizontally  in  the  lower  part  of  the  flame,  so 
as  to  lowor  the  gonoral  temperature,  tho  yellow  luminosity  at  onoe 
disappears  just  as  ii  does  when  the  flame  is  cooled  by  an  increase  in 
the  supply  of  carbon  dioxide.  It  is  a  matter  of  much  interest  U> 
detormiue  what  substance  emits  the  yellow  or  white  light.  It  miglit 
be  supposed  to  bo  due  to  phosphorus  separated  within  the  flame  by 
decomposition  of  the  hydrogen  phosphide.  Iu  that  case  the  introdoo- 
tiou  of  oxygon  into  the  middle  of  tho  flame  might  bo  expected  to 
diminish  tho  luminosity ;  but  tho  reverse  is  the  case.  The  glow 
appears  to  bo  duo  to  phosphorus  i)eDtoxide,  for  if  tho  flame  uf  • 
Bunsen  burner  I)o  held  above  the  hydrogen  phosphide  flame  thftj 
yellow-whito  glow  is  extended  continuously  upwards  into  the  BaoflM 
flamo.  The  track  of  the  phosphorus  pentoxide  can  in  fact  bo  seen  ia 
the  form  of  a  wliite  glow  so  long  as  tho  temperature  of  the  surrouid- 
ings  reaches  a  certain  point.  Tho  absence  of  solid  particles  from  » 
hydrogen  phosphide  flame  can  bo  shown  by  concentrating  the  sun'i 
rays  upon  it. 

In  these  experiments  tho  uso  of  hydrogen  phosphide  gives  a  con- 


I 


veuicot  method  of  regulating  the  supply  of  phosphorus ;  thoy  may  bs 

repeated  with  phoBphorus  vapour  itself  diluted  with  carbon  dioiids,! 

and  the  same  results  are  obtained.     It  appears,  therefore,  that  then 


•  Thorpe  on  '  The  Glow  of  Phosphorns,'  Proc.  Roy.  Inst.  IS,  p.  72  (IffJO). 
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are  two  Imninoas  efTecta  to  reoogniae  in  the  combustion  of  phosphorns. 
One  is  due  to  tho  act  of  formation  of  phosphorus  pentoxide  giving  the 
green  glow,  and  the  other  due  to  tho  subBequeut  heating  of  tho  same 
BDbstatioo  pro<lncing  the  white  glow.  Adopting  the  terminology 
BOggested  by  £.  Wiedemann,  we  may  say  that  there  is  cbomi-lumines- 
oence  and  thormo-luminescouco  of  phosphorns  pentoxida  In  what  is 
ordinarily  called  tho  phospborcsccnoe  of  phosphorus  wo  have  the 
dbemi-lnmiDescence ;  in  the  vivid  coiubnstioa  of  phosphorus  the 
diemi-lnminescenoe  is  completely  overpowered  and  masked  by 
tbe  thermo-luminesoence. 

It  is  interesting  to  inquire  how  far  other  combustible  elomenta 
bflluive  in  the  same  way.  The  flame  of  silicon  hydride  may  be  sab- 
jeetod  to  similar  experiments.  When  sufiSciently  diluted  witii  curbou 
dioxide  a  pale  greenish  flame  is  obtained,  silica  being  tho  product. 
TIm  green  colour  may  therefore  be  attributed  to  the  formatiou  of 
thia  oompomid.  When  tho  supply  of  carbon  dioxide  is  reduced  the 
lUnie  becomes  brightly  luminous,  but  the  luminosity  may  be  removed 
by  cooling  with  a  wire  ring.  The  optical  test  shows  the  bright  light 
to  be  doe  to  solid  particles,  and  as  the  glow  is  prolonged  continuously 
in  the  track  of  the  escaping  silica  when  a  Bunsen  flame  is  held  over 
the  silicon  hydride  flame,  it  seems  clear  that  the  secondary  or  bright 
laminoeity  of  the  flame  is  here,  as  in  the  case  of  ])hos{ihorus,  to  be 
•aoribed  to  a  purely  thermal  action.  The  chief  ditTorc^nco  in  tho  two 
ipgtuncAn  is  that  in  the  case  of  phosphurun  hydride  the  prtKluct  is  ii 
glowing  gas,  and  in  the  case  of  silicon  hydride  a  glowing  solid. 

Hydrocarbon  flames  may  also  be  considered  from  the  same  point 
of  view,  and  here  tbe  facts  are  well  knoorn.  In  the  first  instance  we 
have  to  recognise  in  a  hydrocarbon  flame  the  bright  yellow  light 
and  the  bine  or  lilac  light.  The  bright  yellow  light  may  bo 
flBppnued  by  cooling  by  means  of  a  wire  or  by  diluting  tho  gas 
wito  carbon  dioxide.  This  part  of  tho  light  of  a  hydrocarbon 
fiuM  has  freqtiently  been  ascribed  to  a  preferential  burning  of  tho 
hydfOgan,  whereby  carbon  is  separated  in  tho  flamo  nud  glows  in 
lae  atAto  of  solid  particles.  This  view,  which  appears  to  have 
originated  in  a  misinterpretation  of  Davy's  words,  ban  never  been 
hasH  on  substantial  evidence,  and  it  is  at  variance  with  the  most 
eogeot  experiments  on  the  subject.  There  seems  little  doubt  that 
Um  bright  glow  of  a  hydrocarbon  flame  is  essentially  a  thermal 
pbaao8B«oon. 

Tho  glowing  substance  was  supposed  by  Davy  to  bo  solid 
pardoles  of  carbon,  by  Franklaud  to  be  the  vaixjur  of  dense  hydro- 

I  carbcos.     These  two  rival  views  have  been  subject  to  considerable 

pdiaeaaion,  especially  by  Houmann.* 

It  aeems  extremely  difBcult  now  to  find  any  good  evidence  for 
Um  donae    hydrocarbon    theory.      One   of  the   Bim]>lo8t  arguments 

I  agaiut  it  waa  supplied  by  Stein,  who  pointed  oat  that  the  glowing 


•  PhiL  Mag.  [i]  89,  p.  366  (1877). 
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snbetaDce  in  a  hydrocarbon  flame,  which  may  be  collected  in  the 
form  of  Boot,  contains  a  smaller  quantity  of  hydrogen  than  oottid  ' 
reBBOnably  be  expected  if  soot  were  a  hydrocarbon  or  a  miitnre  uf  j 
hydrocarbons.  He  also  remarked  npon  the  non-volatile  character) 
of  soot.  A  recent  analysis  of  eoot  from  an  acetylene  flame  showed 
1'4  parte  of  hydrogen  to  98*6  parts  of  carbon,  after  the  soot  had 
been  extracted  with  ether  and  dried.  Now  the  hydrocarbon  richest 
in  carbon  recognised  in  organic  chemistry  (chrysogeue)  contains 
abont  5  per  cent,  of  hydrogen.  The  soot,  therefore,  conld  not  con- 
tain more  than  about  30  per  cent,  of  it,  loaving  a  surplas  of  70  per 
cent,  of  uDcombined  carbon.  To  maintain  Frankland's  doctrine 
that  the  light  is  essentially  due  to  dense  hydrocarbons  in  the  gaseoos 
state,  would  compel  ns,  in  fact,  to  recognise  soot  as  a  hydrocarbon 
of  quite  exceptional  composition  and  properties.  The  doctrine  was, 
in  its  inception,  an  inference  from  experiments  on  other  flames  in 
which  high  luminosity  was  found  to  be  associated  with  high  density 
of  the  substances  contained  in  the  flames ;  but  it  is  to  be  remarked 
that  in  most,  if  not  all  of  these  flames,  the  glow  was  ascribed  to  tbe 
product  of  oxidation,  and  not  merely  to  something  separated  and 
subjected  to  a  purely  roasting  process. 

But  even  if  we  regard  the  glowing  substance  soot  of  a  flame  as  • 
hydrocarbon  or  a  mixture  of  hydrocarbons,  and  to  this  extent  aooept 
Frankland's  view,  there  remains  the  question  whether  the  glowing 
substance  in  the  flamo  is  solid  or  gaseous,  Tbo  optical  test,  first 
used  by  Soret,  shows  indisputably  that  a  finely  divided  solid  peryades 
the  whole  of  the  luminous  region  of  a  hydrocarbon  flame,  and  there 
seems  no  reason  to  doubt  that  the  glow  of  this  solid  matter  would  be 
adequate  to  produce  the  light  of  the  flame. 

According  to  the  views  of  Lewes,  the  luminosity  of  a  hydrocarbon 
flame  is  determined  essentially  by  the  formation  and  subsequent 
decomposition  of  acetylene.  This  theory,  which  is  certainly  in- 
genious, need  not  be  discussed  on  tbe  present  occasion. 

The  development  of  bright  light  in  a  hydrocarbon  flame,  what- 
ever be  the  full  explanation,  is  certainly  a  secondary  prooeea, 
demanding  a  particular  mode  of  burning  the  gas  for  its  production. 
When  the  hydrocarbon  meets  tbe  air  in  other  ways,  as  when  it  is  h 
burnt  in  a  very  small  flame  or  at  a  very  high  pressure,  or  when  sir  H 
is  added  to  the  gas  before  it  leaves  the  burner,  the  bright  light 
disappears,  and  we  then  have  the  primary  light  of  combustion  which 
is  uf  feeble  intensity  and  blue  colour.  The  changes  which  a  hydro- 
carbon flame  undergoes  with  varying  air  supply  ore  well  seen  when 
benzene  vapour  is  burned  with  a  gradually  increasing  quantity  of 
admixed  air.  The  flame  is  at  first  very  bright ;  the  next  phase, 
reached  when  the  bright  yellowish  light  has  just  disappeared,  shows 
two  cones  of  bluish  light, corresponding  to  those  of  a  Bunson  burner; 
tbo  last  phase  is  reached  when,  by  adding  more  air,  the  outer  cone 
is  quenched,  and  tho  flame  presents  the  appearance  of  a  thin  conical 
shell  of  blue  light.     [Experiment  shown.]      The  two-coned  phase 
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marks  the  period  vrhen  the  oxygen  required  for  comlinstion  ia  got 
partly  from  the  air  mixed  with  the  raponr  before  it  leaves  the  bnrner 
and  partly  from  tho  air  outside,  one  cone  correspondiiig  to  each  part 
of  the  supply.  From  analyses  of  the  interconal  gases,  it  appears  that 
large  quantities  of  carbon  monoxide  and  hydrogen  are  generated  in 
the  inner  cone,  and  that  thcao  arc  the  gases  which  bum  in  the  outer 
oone.  Tho  evidence  that  the  formation  of  carbon  monoxide  is  the  first 
stap  in  the  combustion  of  carbon  has  been  greatly  strengthoaed  by 
the  experimeuta  of  Prof.  H.  B.  Dixon,  and  is  at  variance  with  no 
important  facts. 

The  Boiiroe  of  the  light  in  a  blue-burning  hydrocarbon  flame  has 
been  the  subject  of  most  elaborate  investigation  and  of  prolonged 
oontroversy.     The  spectrum  of  this  light  was  one  of  the  first  to  be 
earefally  descnbcd,  and  is  often  called  the  Swan  spuctruii],  from 
tbe  tuA  that  it  was  first  accurately  mapped  by  Swan  in  1856.     It 
is  seen  in  tbe  blue  part  at  tlie  base  of  all  ordinary  hydrocarbon 
flames  and  in  the  inner  cone,  but  not  in  the  outer  coue  of  flames  fed 
with  air  in  the  manner  of  tho  Budscu  burner.    In  so  far  as  the  charac- 
lenstie  product  of  these  parts  of  flumos  baa  been  found  to  be  carbonic 
oxide,  it  would  be  natural  t<i  attribute  the  Swan  spectrum  to  this  gas. 
I  Tin*  view,  however,  has  never  been  adopted.     The  Swan  spectrum 
I  has  been  attributed  either  to  carbon  itself  or  to  a  hydrocarbon  (ocety- 
jlane),  and  tho  whole  discussion  and  investigation  of  tho  subject  hoa 
iMBtMd  round  these  alternatives.    Tho  neglect  to  consider  the  likeli- 
hood of  oarbun  monoxide  being  tho  source  has  arisen  from  a  disregard 
of  Ui«  occarrence  of  this  gas  in  flames,  and  from  a  belief  that  it  has 
ktooUusr  distinct  spectrum.     At  the  same  time  the  difficulty  presented 
by  tbe  other  explanations  has  been  fully  realised,  and  it  is  admitted 
that  the  support  of  either  demands  somewhat  strained  hypotheses. 

The  question  of  the  origin  of  tbe  Swan  spectruni  is  too  large  and 
eomplicatfld  to  be  fully  discussed  here.  It  will  suffice  to  point  out 
if  tho  formation  of  carbon  monoxide  is  the  £rKt  act  in  the  oxida- 
,  of  a  hydrocarbon  two  results  would  follow  :  (1)  it  would  hardly 
)  SOppoarxl  tliat  carbuu  vapour  existed  free  even  momentarily  in  the 
(2)  tliat  tho  propotiderating  pr.^act  with  which  was  assooiated 
I  the  energy  of  the  chemical  change  should  contribute  mainly  to  the 
ion  of  light.  The  chief  difficulty  opijosed  to  the  view  that 
Itsrfann  monoxide  is  really  the  source  of  tie  Swan  spectrum  appears 
I  lo  lie  in  the  fact  that  this  gas  may  be  made  to  yield  a  diifurent  Kpec- 
[trnm  bj  tbe  electric  discharge.  A  full  consideratiun  of  the  evidonco 
[IsuiBg  on  the  subject  leads  to  the  view,  firnt,  that  this  spoctrum  is 
[Hot  otMloabtcdly  due  to  carbon  monoxide,  and  sccoudly,  that  it  may 
lie  doe  lo  carbon  dioxide. 

Tbs  evidence  derivod  from  the  study  of  flames,  and  much  other 
•videoco,  is  favourable  to  thu  view  that  carbon  mouoxide  is  the  source 
of  the  Swan  B|>octrun),  and  if  this  be  the  case,  the  chemi-Iuminescenod 
ftt  a  bydn>carb«in  flnnie  like  that  of  a  flame  of  the  hy<lrides  of  phos- 
OS,  silica  and  autituony,  would  be  attributed  to  the  act  of  oxidation. 
Vofc.  XV.     (No.  Dl.)  2  0 
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Some  light  is  no  donbt  doe  to  the  completion  of  the  oxidation,  ths 
carboa  monoxide  forming  carbon  dioxide  and  the  hydrogen  formiog 
water,  bat  the  intensity  of  this  portion  of  the  light  is  inconsiderftble 
in  the  spectroscope,  and  in  the  risible  spectrom  not  characterifitic 

The  flame  of  cyanogen  presents  special  points  of  interest.  It  hu 
been  shown  that  the  sharp  differentiation  of  the  flame  into  an  inner 
ioa»«oloared  cone  and  an  outer  blue  one,  corresponds  to  the  comboa- 
tion  of  the  gas  in  two  steps,  the  first  being  the  oxidation  of  carbon  to 
carbon  monoxide,  and  the  second  the  oxidation  of  carbon  monoxide  to 
carbon  dioxide.*  Admixtore  of  air  with  the  gas  before  combustius 
renders  it  possible  to  separate  the  two  parts  of  the  flame  in  the  cone 
Mpanting  apparatos,  and  when  the  distance  betweoo  them  exceeds  a 
certain  limit  and  the  gases  are  dried,  the  outer  cone  is  qnenchod  when 
a  bottle  of  dried  air  is  held  o^er  it.  [Experiment  shown.]  This 
behaviour  accords  with  the  well  known  experiment  of  Prof.  Dixon  on 
the  combustion  of  carbon  monoxide.  According  to  the  view  which  hu 
been  developed  in  the  foregoing,  it  would  be  expected  that  the  light 
emitted  by  the  inner  cone  of  a  cyanogen  flame  shoold  be  due  to  tLe 
<»rbon  monoxide  which  is  produced  there,  aud  if  the  Swan  spectmm 
be  really  due  to  that  substance  then  the  Swan  spectrum  should  b« 
seen.  As  a  matter  of  fact,  the  inner  cone  of  a  cyanogen  flame  gives  • 
brilliant  spectrum,  in  which,  however,  only  one  band  of  the  Swu 
spectrum  is  distinctly  developed.  It  is  possible  that  the  liberation  of 
nitrogen  from  cyanogen  daring  its  combustion  may  have  a  di&tnrbiog 
influence.  In  any  caso  it  is  very  striking  that  when  cyanogen  if 
burnt  in  oxygen  instead  of  air  the  Swan  spectrum  is  seen  to  be  ooD* 
pletely  and  brilliantly  developed,  and  on  the  whole  the  evidence 
derived  from  a  cyanogen  flame  appears  to  strengthen  the  view  which 
associates  the  Swan  spectrum  with  the  production  of  carbon  monoxi'le. 

Reviewing  the  evidence  which  has  been  offered,  it  appears  that  the 
primary  source  of  light  in  flames  is  to  be  found  in  the  intense  vihn- 
tory  motion  which  is  determined  by  the  act  of  chemical  onion.  Tbit 
is  seen  in  the  phosphorescence  of  phospborua,  in  tbo  flame  of  hydrogen, 
and  at  the  base  of  the  flames  of  the  hydrides  of  silicon  and  carbon- 
A  secondary  source  of  light  arises  when  the  temperature  effect  of 
the  primary  combustion  canses  tho  glow  of  a  product  or  partitl 
product  of  combustion.  This  is  seen  in  the  white  flame  of  pLo»- 
phoruB,  in  the  brightest  part  of  the  flame  of  silicon  hydride,  uA 
in  tho  bright  vetlow-white  part  of  ordinary  hydrocarbon  flames. 

Tho  question  of  the  luminosity  of  flames  containing  the  vaponX 
oT  salts  introduces  new  problems,  the  elucidation  of  which  is  far  from 
being  complete.  This  question,  however,  cannot  be  considered  on 
the  present  occasion.  PA  ^.1 


*  SmithftUa  and  Dent,  Journ.  Cbem.  Soo.  65,  p.  603  (18M). 
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Basil  Woodd  Skith,  Eaq.  F.B.A.8.  r.S.A.  Vioe-President, 
in  tbo  Chair. 

8»  Edward  Madndk  Thompson,  K.G.B.  D.C.L.  LL.D.  F.S.A. 
(Principal  Librarian  of  the  British  Maseum). 

OreeJc  and  Latin  PaUeography. 

On  knowledge  of  Greek  and  Latin  Palmography  has  expanded  so 
largely  dnring  the  last  quarter  of  a  centnry,  that,  in  response  to  an 
inritatioa  to  read  a  paper  before  the  Buyal  Institntion,  I  have 
ventured  to  select  it  as  the  subject  fur  the  discourse  this  eveuing. 
For,  altbongb  paleography  is  a  science  which  is,  in  the  nature  of 
fiunga,  ooniiuod  to  the  enquiries  of  coniparatively  few  students,  yet 
that  branch  of  it  which  deals  with  writings  in  Greek  and  Latin  may 
appeal  to  the  interest  of  most  of  ns,  whose  education  has  been 
'oandetl  on  the  stndy  of  the  classical  authors  of  Greece  and  Bome. 
3d,  farther,  the  derivation  of  the  alphabet  now  in  use  thruughont 

greater  part  of  the  world,  immediately  from  tho  alphabet  of  the 
and  more  remotely  from  that  of  Hellas,  and  the   various 

ages  through  which  it  passed  before  attaining  a  simple  and 
form,  are  matters  for  the  onriosity,  if  not  for  the  study,  of  all 
lEo  claim  to  take  an  interest  in  the  history  of  literature. 

Tho  extension  of  tho  knowledge  of  our  subject  during  recent 
rears  in  due  in  the  highest  degree  to  tho  invontiuu  of  photography, 

lo  the  perfection  to  which  the  art  of  photographic  reproduction 
bttl  been  brought.  'NVhen  we  regard  tho  rude  and  inexact  facsimiles 
tnm  manuscripts,  which  appear  in  the  older  works  on  paloiugmphy, 
«•  oaoDOt  conceive  the  possibility  of  tho  student  learning  anything 
of  Talno  from  them.  For  ail  scientific  purposes  they  are  worthless, 
and  they  could  only  servo  to  convoy  a  very  general  idea  of  the 
chancter  in  which  the  originals  were  written.  Next  came  works 
•asevtad  with  more  skill,  but  bo  costly  that  they  were  beyond  the 
reach  at  all  but  tho  wealthy ;  and,  again,  careful  and  exact  as  they 
are,  thoy  fail  to  reproduce  those  minute  variations  and  delicale 
mmameim  of  tho  manuscript,  which  it  is  impossiblu  for  a  ecc<]nd  hand 
to  rMld«r  faithfully.  Photography  came  and  made  tho  path  smooth. 
Undsr  ordinary  oonditions  it  gives  ns  a  facsimile  of  the  original, 
whiob,  next  to  being  tho  original  itself,  is  the  beat  that  we  can 
dsnre.    The  agency  of  the  second  hand,  which  involuntarily  bat 
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iueTitably  imported  its  own  character  into  the  old  hand-msde 
facsimile,  is  diepeusod  with;  the  agency  of  light  can  never  titer 
the  character  of  the  first  hand.  The  collections  of  photogm{^ 
foceimiles  issued  during  the  last  five-and-twentj  yeaifi  fonu  » 
palcGographical  corpus  which  reuders  the  study  a  comparatively 
easy  one;  and,  further,  we  now  bave  the  itnmense  advantage  of 
being  in  a  poeiition  to  compare  side  by  side,  through  the  medium  of 
those  trustworthy  facsimiles,  texts  which  are  in  reality  scatterei 
through  the  libraries  of  Europe.  FiTe-and-twenty  ytars  ago  the 
palaeographer  working  in  the  public  library  of  his  own  conntiy 
miglit  have  a  good  knowledge  of  the  haudwritinga  of  the  I&ter 
middle  ages ;  the  material  under  his  bauds  was  sufficient ;  but  of 
tho  earlier  periods  his  experience  was  limited,  and  he  could  scarcely 
speak  without  hesitation  on  questions  of  the  paleeograpby  of  maiia- 
Bcripts,  of  which  his  library  contained  only  a  few  examples.  We  *n 
in  a  very  difiForont  position  to-day.  The, abundant  supply  of  fic- 
Eimilesbas  given  us  tho  means  of  traiaing  the  eye  and  of  familinriring 
it  with  tho  kandwritiugs  of  all  porimls. 

And  while  our  material  has  thus  been  concentrated  by  photo- 
graphy, it  has  also  actually  increased  in  amount.  Recent  excavabonf 
in  Egypt  have  placed  us  in  possession  of  documents  which,  for  ths 
first  time,  have  brought  us  almost  in  touch  with  the  clafisical  period 
of  Greek  literature.  Greek  writing  of  tho  third  century  befon 
Christ  was  scarcely  known  to  as  before  these  modem  disooverMs; 
we  now  know  that  at  that  ago  writing  was  a  common  and  widcspreid 
accomplish  moot  under  tlie  Ptolemies  in  Egypt.  Nor  in  this  direotioD 
alone  have  we  profited :  the  numerous  papyri  which  bave  been  txA 
are  being  found  of  the  early  centuries  of  the  Christian  era  snpply  tb> 
links,  formerly  wanting,  to  trnco  the  descent  of  the  uncial  writmg  of 
the  earliest  extant  Biblical  codices  of  the  fourth  and  fifth  centuitl 
from  the  earlier  examples.  The  chain  is  now  nearly  complete,  ud 
the  history  of  Greek  handwriting  can  be  followed  with  mot«  it 
less  precision  through  a  period  of  some  seventeen  contorioe  before  U 
becamo  fixed  by  tho  printing  press.  The  additions  to  our  materiil 
for  Latin  pala}ograpby  have  not  been  so  abundant,  but  they  ht*« 
been  scarcely  loss  interesting.  Excavations  on  the  site  of  Pompto 
and  iu  other  places  bave  given  us  an  insight  into  the  characttrof 
the  haudwriting  of  the  Roman  people  in  the  early  time  of  the  empir*: 
and,  even  if  no  great  classical  work  has  been  recovered,  we  havs  ia 
the  wall  scribblings  that  have  been  laid  bare,  and  in  the  vasA 
tablets  that  have  boon  found,  invaluable  oxamplea  of  the  writing  of 
everyday  life  and  of  tho  buKinoss  transactions  of  the  people. 

The  connection  between  the  Greek  and  Latin  alphabets  is  obnott 

when  wo  compare  their  early  forms.     The  primitive  Greek  alphabtt 

of  two-and-twenty  signs  borrowed  from  the  Phoouicinns — written  •• 

I  first  from   right  to  left,  and   eventual  ly  from   left   to    right,  aft* 

\  passiixg  through  that  curious  period  of  botutrophedon  writing,  in  whieh 

4  uJ^^  written  from  the  right  was  Buooeeded  by  one  written  froo  \h» 
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left,  and  Boon,  Jnst  aa  tbo  ploughing  ox  catB  the  fiirrowB  ia  the  field — 
this  primitive  alphabet,  nnder  local  influenccB  which  cannot  now  he 
defined,  deTelo[>ed  into  two  main  brancbes  or  groups,  to  which  the 
designationa  of  Eastom  and  Western  have  been  applted.  The  EuBtern 
or  Ionian  branch  was  that  current  in  Asia  Minor  and  the  neighbouring 
ifilanda,  and  in  certain  states  of  Greece ;  the  Western  branch  was 
employed  mure  extensively  in  Greece  and  in  most  of  the  states  of  the 
Pelo{X)nncBe,  and  also  in  tbo  AchsBan  and  Cbalcidiau  colonies  of 
Italy  and  Sicily.  The  most  special  mark  of  distinction  between  the 
two  bnmehcs  is  the  symbol  or  letter  representing  the  sound  x.  In 
tlie  Eastern  branch  this  sound  is  represented  by  H,  and  the  letters 
X  and  "If  have  the  sounds  of  kh  and  pa,  as  wo  know  them  in  ordinary 
OMge  in  Greek  literature,  Athens  having  naturally  followed  the 
I<Huan  system.  In  the  Western  branch  the  letter  H  is  wanting,  while 
X  and  ^  have  the  values  of  x  and  kh ;  the  suuud  pa  being  expreHsed 
in  separate  letters  in  or  <^s,  or  rarely  by  a  xpecisl  sign  ^ .  No  satis- 
fiMftosy  explanation  has  yet  boon  found  fur  this  remarkable  distinction 
TIm  XiStins  borrowe<l  the  Western  Greek  alphabet  from  the  Glialcidian 
eoloaies,  such  as  Cumo!,  planted  on  the  Campanian  coast.  The  Greek 
jffffbl^  letters  (or  aspirates)  th.  ph.  kh,  roprenenting  no  sounds  in  the 
I^tin  tongue,  were  dropped  ;  the  third  letter,  at  first  used  to  express 
the  bard  g  sound,  came  to  be  also  used  for  tho  k  sound,  and  the  letter 
E,  though  it  remained  in  the  alphabet,  became  almost  a  dead  letter. 
Gimdnally  the  k  sound  ousted  the  g  sound  in  the  third  letter,  and  for 
flxptesaion  of  the  latter  another  symbol  had  to  be  invented.  This  was 
fiwnd  by  differentiating  the  0  by  a  stroke  or  tail,  thus  creating  the 
latter  O.  A  {dace  for  this  new  letter  had  been  mean  while  left  vacant 
Iw  Iha  gndnal  extinction  of  the  soft  8  or  2  sound  in  Latin,  whereby 
the  pwenoe  of  Z  was  dispensed  with.  In  Quintilian's  time  X  was 
**  altuna  nostramm  "  and  closed  the  alphabet.  Later,  Y  and  Z  wore 
a4Mffii  not  for  the  purpose  of  expressing  native  sounds,  but  for  the 
Bon  naet  transliteration  of  Greek. 

To  find  illustrations  of  the  use  of  the  early  forms  of  the  Greek  and 
Latin  alphabets,  wo  should  have  recourse  to  inscriptions  on  stone  or 
BMlal,  bat  this  would  take  us  beyond  the  limits  of  our  present  subject, 
irideb  is  confined  to  the  history  of  the  development  of  handwriting,  as 
dMiaot  firom  epigraphy.  And  yet,  while  we  thus  lay  aside  the  more 
tMfft4^T*  eCEMnples  of  texts,  cither  Greek  or  Latin,  we  must  not  assume 
Unl  iMndwriting  only  began  where  the  early  inscriptions  leave  off. 
In  eotUMqaenoe  of  the  recent  discoveries  in  Egypt,  our  forroer  views 
in  regard  to  the  antiquity  of  tho  practice  of  writing  in  Greece 
hnv*  ondargone  considerable  modification.  There  is  always,  and  I 
*r''*CH*  Uiere  always  has  been,  a  tendency  to  refuse  to  bygone 
yeintions  that  capacity  for  acquiring  and  diffuRing  knowlodgo 
rhicb  we  flatter  ourselves  is  an  attribute  of  modem  intelligence ; 
all  imcxplorcd  {periods  of  history  are  dark  ages.  But  we  now 
that  three  hnudred  years  before  the  Christian  era  the  Greeks  in 
in  different  ulassos  of  society,  tho  profossional  man  and  maa 
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of  bosiQeeB,  jnst  as  well  as  tbo  literarj  man,  ooold  vrite  with  k 
mucb  ease  and  fluency  as  we  c»a  ourselves.  Their  bandwritiog  is 
fallj  matured  and  bears  on  its  face  tbe  evidence  of  a  developmeot 
which  miiBt  have  been  the  growth  of  a  long  period.  The  knowledgo 
of  writing  in  (ireece,  we  fully  believe,  must  be  at  least  coeval  iritli 
tho  oldcBt  Greek  inBcriptions  ;  and  we  are  not  to  assume  that,  becaoEt 
those  inscriptions  oro  laboured  and  painfully  executed,  therefore  the 
handwriting  uf  the  same  time  was  equally  laboured  and  painfuL  On 
tho  contrary,  the  handwriting  may  have  been,  and  probably  mi, 
tolerably  fluent;  and  it  would  be  aa  unjust  to  measure  tbe  aoci«&t 
Greek's  capacity  for  exproBsing  himself  with  the  pen  by  the  stauiard 
of  his  inscriptions,  as  it  would  be  to  take  the  rnatic  lettering  uf  our 
provincial  tombstones  as  a  measure  for  deciding  the  proficiency  of 
modern  penmanship. 

As  I  have  already  said,  we  have  to  depend,  for  onr  aoqiuiBtaDoe 
with  the  earliest  examples  of  Greek  writing,  upon  the  pt^tyri  vhidi 
have  been  found  in  Egypt.  These  may  be  broadly  olassifiod  is  two 
divisions :  the  first,  literary  ;  the  second,  official  and  domestic  The 
literary  documents,  naturally,  are  generally  written  with  moro  care 
than  those  of  the  other  class.  Texts  intended  for  tho  market  wrie 
inscribod  in  a  formal  style  which  would  correspond  to  tbe  print- 
ing of  tbo  present  day.  But  others,  even  though  of  a  litonry 
character,  if  written  for  the  scholar's  own  use,  would  not  be  neces- 
sarily transcribed  in  this  formal  fashion,  but  might  appear  in  tk 
ordinary  corront  handwriting  of  tho  scholar  himself  or  of  bii 
amannensts.  On  the  other  ]iand,  official  and  domestic  doonmeata 
are  generally  written  in  cursive  handwritings,  more  or  leas  exactor 
carelesB,  according  to  the  education  or  skill  of  tbe  writer.  Is  dating 
the  domestic  documents  we  have  not  the  same  difficulty — as  a  mlo— 
as  in  dealing  with  literary  works,  for  a  large  pniportion  bear  aetail 
dates,  and  thus  form  standards  of  oomparisoa  for  those  doenmeBtt 
which  have  not  been  so  dated.  In  dealing  with  literary  woris 
written  in  the  cursive  handwritings  we  have  tho  same  advantago  of 
comparison  with  tbe  dated  cursive  examples  of  the  official  and 
domestic  division.  Bnt,  when  we  come  to  the  formally  written  works 
our  real  difficulty  begins. 

Tho  faculty  of  deciding  tbe  age  of  handwritings  of  a  foraal 
character  of  any  perio<l  must  chiefly  grow  from  familiarity ;  and  thif 
familiarity,  of  course,  can  only  bo  acquired  by  the  survey  of  a  Urg» 
number  of  examples.  Every  pdlieographcr  knows  how  easy  it  ia  It 
assign  datoB  to  manuscripts  uf  tbe  middle  ages,  say  from  the  twelfth 
to  the  fifteenth  centuries,  of  which  there  are  plentiful  examples;  hi* 
difficulties  begin  when  he  moves  back  into  the  earlier  oestoriM 
when  his  material  is  more  limited  ;  and  when  he  comes  to  examisc, 
for  example,  snch  a  formal  Landwriting  as  the  nncials  of  the  foarth, 
fifth  and  sixth  centuries,  ho  docs  not  venture  to  be  dogmatic.  Who 
we  go  back  to  a  period  still  more  remote,  such  as  the  third,  SMOod 
and  first  centuries  b.o.,  oar  difficuUies  become  extreme.     It  is  not  Mj 
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"^  Pondered  at,  tlieu,  that  the  datos  formerly  assigned  to  some  of 
too  exunples  of  classical  papyri  mast  be  reconsidered  by  the  light  of 
"oceat  disooveriea. 

Xf  we  tabe  ap  a  table  of  alphabets,  drawn  from  the  oldest  ex- 

"xpltis  of  Greek  writing  extant,  and  glance  along  the  lines  of  the 

QJ^erent  letters,  we  see   how   varions    their   formation    was  under 

ijfewnt  conditions,  even  at  that  early  period.*     In  the  first  two 

ooltiaina  we  have  the  formal  letters  used  in  the  classical  fragments ; 

ui  tlie  others  we  have  the  letters  nscd  in  documents,  all  of  a  more  or 

!(*■  CDrsive  character.    How  very  cursive  some  of  them  could  become 

V  OTideni,  if  we  examine  the  examples  of  the  letters  Lambda,  Mu, 

^1*  Pi,  Tau  and  Omega.     With  regard  to  the  last  letter,  the  transi- 

tioQ,  which  without  those  examples  it  would  not  be  easy  to  explain, 

bom  the  original  horBeahoe-sbaped  letter  to  the  later  m  form    is 

i*>dily  followed.     How  easily  there  might  have  been  a  cunfusion 

lietween  a  Lambda  and  a  Mu  and  a  Pi !  for  each  of  those  letters  in 

■one  instances  is  formed  simply  by  a  curved  stroke.     The  Tau  with 

tl>A  horizontal  only  on  the  left  is  an  example  of  a  rapid  method  of 

ooDstracting  the  letter,  which  has  a  modem  parallel  in  the  t  of  soine- 

wbat  similar  shape  in  use  among  the  French.     A  second  table  will 

(Vi7  OS  on  to  the  third  century  after  Christ,  missing,  however,  one 

MOtory,  the  first  century  b.o.  ;  for  it  ia  a  remarkable  circumstance 

tiiM  among  the  large  number  of  papyri  that  have  been  recovered 

^Iwswe  Boorcely  any  that  actually  bear  dates  within  that  hundred 

7**il.    However,  comparing  the  forms  of  letters  of  the  gecoud  cen- 

*l^  B.O.  with  those  of  the  first  century  of  our  era,  wo  ooncludo  that 

^  *w  a  period  of  decadence  in  Greek  handwriting,  the  letiors  of  the 

"•ot  oenlury  being  inferior  to  those  of  the  earlier  time. 

Probably  the  very  oldest  example  of  Greek  writing  is  the  papyrna 
•ngl&ent,  now  in  the  Imperial  Library  at  Vienna,  inscribed  with  an 
^Tocation  of  a  certain  Artemisia  against  the  father  of  her  child.  It 
M  probably  as  early  as  the  fir^t  half  of  the  third  century  b.o.  Tho 
■■^writing  is  rough,  every  letter  being  written  separately  in  the  style 
of  UI  inscription ;  and,  judging  by  thefluent  character  of  other  extant 
^ceiinenB  of  nearly  contemporary  current  handwriting,  wo  aro  justi- 
'*d  in  Memnibg  this  papyrus  to  represent,  not  the  ediicatod  stylo  of 
'■'<  time,  bat  rather  the  imperfect  effort  of  one  not  much  accustomed 
k>  ms  tho  pen.t 

It  is,  however,  even  though  an  illiterate  production,  a  doonmcut 
^  iDuch  value  in  that  it  shows  exactly  individual  forms  of  letters  of 
|lui  formal  alphabet  of  the  time.  The  contemporary  literary  hand 
**  ■ws  at  its  beet  in  some  fragments  of  tho  '  Phrcdo '  of  Pluto,  which 
ud  been  employed,  together  with   other  papyrus  documents,  as  tho 

•  8«  the  carefully  dmwn  toWe  in  "The  FlindpM  Petrio  Papyri,' fd.  Prof.  J.  P. 
jluifl^ :  in  tbo  '  Cunningham  Memoirs  '  of  the  Royal  Irish  Acudcmj',  1891. 
t  Facaiioilio*  (jf  the  FaloKJgroiibicol  Soc-iuly,  it.  HI. 
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matorifll  for  cftrtonnage  mummy-cases  in  the  Greek  colony  of  Gnrob 
iu  the  Fayum.     The  official  doode  found  among  these  fiugmcnte  idle 
from  about  the  year  260  b.o.  ;  this  mannscript  of  Plato  may  thercforo 
bo  placed  rather  earlier,  for  it  is  not  probable  that  a  literary  work 
Buch  aa  this  would  have  been  destroyed  immediately  after  it  bad  been 
written,  although  ordinary  documents  would  cease  to  haye  any  tbIbo 
after  a  few  years.     It  is  to  ho  regretted  that  what  remains  of  tbis 
once  beautiful  manuscript  is  in  such  a  fragmentary  condition ;  but 
there  is  still  enough   to  show   that  a  very  perfect  style  of  hind- 
writing  was  employed  in  the  production  of  classical  works  intended 
for  the  book  market   in  the  third  century  b.o.     The  chief  cbuio- 
teristic   of  the   writing  is  the   great  breadth — almost  flatoMt— of 
many  of  the  letters,  as  compared  with  their  height.* 

The  Bomo  invaluable  Gurob  collection  of  papyri  also  pnmdM 
hb  with  material  for  ascertaining  the  capabilities  of  persons  in  dilTtf* 
ent  ranks, of  life  to  express  thomsolTes  in  writing — not  in  the  formil 
literary  hand  of  the  *  Phwdo,'  but  in  the  ordinary  running  hand  of 
the  day,  A  beautiful  document  of  the  middle  of  the  century,  written 
in  a  particularly  clear  and  well- shaped  chftrncter,  ia  the  letter  of  • 
young  man,  well  educated,  named  Polykratcs,  who  addresses  hit 
father  with  afTectionate  frankness,  and  invites  him  to  oome  and  stimu- 
late the  writer  to  t-hjike  off  his  present  idleness ;  bat  assares  him  tiaa 
that  in  money  matters  his  son  ia  quite  solvent.  Another  letter, 
ef^ually  well  written,  is  addressed  in  the  year  242  e.g.,  by  one  Horoa, 
an  official,  to  a  colleague  named  Armais,  and  seems  to  be  prompted  bj 
professional  jealousy  at  his  correspondent  making  a  good  thing  by 
the  sale  of  oil  at  a  price  higher  than  that  fixed  by  royal  decree. 
The  writing  is  an  excellent  example  of  that  fine  linked  hand  which 
appears  to  have  come  into  vogue  at  this  time  and  which  is  so  particu- 
larly characteristic  of  the  best  written  cursive  documents  of  the  next 
hundred  yoars.  A  third  letter  of  the  same  time  shows  bow  a  man  ol 
the  agricultural  class  could  handle  his  pen.  It  is  a  communicatieo 
&om  a  farm  bailiff  to  his  mai^tor,  tolling  him  of  the  vineyard,  Um 
olive-yard,  and  the  dearth  of  wat«r.  The  writing  is  the  rough  band 
of  a  practical  man,  not  highly  educated,  but  with  knowledge  enough 
to  express  himself  in  a  busiuess-like  way.  In  this  example  there  il 
none  of  ihe  beautiful  linking  together  of  the  letters  which  appeand 
in  the  practised  hand  of  the  official's  epistle  ;  here,  every  letter  staodt 
apart,  and  perhaps  wo  may  style  the  bailiff's  handwriting  as  rathor  of 
the  pothook  order. 

In  the  third  century,  then,  before  Ohrist  we  have  evidence  that  0» 
Greeks  in  Egypt  practised  the  two  styles  of  handwriting :  the  lifenjy 
and  the  cursive.  And  the  possessiou  of  a  literary  hand  imphed* 
long  course  of  practice.  Like  all  things,  handwriting  is  subject  t» 
the  regular  laws  of  nature.  It  developos,  reaches  perfection,  and  tbot 
decays.    And  it  is  when  in  the  stage  of  perfection,  that  a  Btjl«  ^ 
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writing  is  adopted  for  a  literary  hand.   Hence  as  a  literary  hand 
it  seeais  to  burst  upon  as  in  full  life  :  Athen&  springs  ready  armed 
from  the  bead  of  Zoos.     But  it  has  been  previously  passing  through  a 
long  period  of  prepuration  and  dovolopiuent,  the  evidonces  of  which 
are  lost;  and  it  is  only  because  it  succeeds  in  reaching  perfection, 
that  it  is  then  employed  as  a  literary  hand.     When  once  in  that  posi- 
tion, it  may  maintain  its  excellence  for  a  time,  but  not  fur  a  long 
time.     It  gradually  becomes  a   formal  hand,  and  then  an  artificial 
bftixd,  and,  as   snch,   is   doomed   to   deterioration.     Meanwhile,  the 
Dktuntl  cnrsive  hand  continues  its  course,  and  again  developea  a  new 
ttrle,  which  in  tnm  roaches  perfection  and  then  supersedes  the  old 
litcnry  hand,  which  has  by  this  time  lost  all  life  and  has  become  a 
mere  imitative  script.     And  thus  the  process  goes  on  repeating  itself. 
The  beet  illustration  of  this  law  of  change  is  to  bo  seen  in  the  general 
idnptioD,  both  for  Greek  and  fur  Latin  manuscripts,  of  the  minuscule 
or  Bnall  hand,  as  the  literary  hand,  in  place  of  the  uncial  or  largo 
jiuid,  early  in  the  ninth  century.     The  creation  of  minuscule  writing 
U  Datarally  a  lung  process.     The    large   letters  have  to  be  ground 
^vn  bj  a  long  coarse  of  cnrsive  writing,  and  the  small  letters  thus 
formed  have  to  take  shape  and  be  cast  in  an  artistic  mould  before 
l^jcaD  aspire  to  be  used  in  the  production  of  literary  manuscripts. 
Btttin  the  end,  because  they  can  be  more  fluently  formed,  and  thus 
neoiqe  the  more  natural  means  of  the  expression  of  thought,  they 
*ttDot  fftil  to  supersede  the  older  and  more  slowly  written  uncials. 

The  time  at  our  disposal  this  evening  will  not  allow  me  to  take 
7<*Q  duwQ  to  the  moment  of  this  great  change.  I  propose  to  limit 
IB7  'nrther  remarks  on  Greek  paleography  to  tbe  early  centuries,  and 
^1  b>  tonob  the  boundary  of  the  mediieval  period. 

To  illostrate  the  handwriting  of  the  first  half  of  the  second 
WBtnrjr  B.O.,  we  may  turn  to  two  literary  documents,  the  one  written 
'StcornTe  hand,  the  other  in  a  formal  baud.  The  first  is  an  aetro- 
'<il»ic>l  treatise,  now  in  Paris,  which  must  be  earlier  than  tbe  year 
IM  CO.,  as  some  documents  of  that  date  are  written  on  the  back  of 
"•  ptprms.  The  hand  is  of  a  good  bold  character,  the  prominent 
•'^ture  being  the  linking  together  of  the  letters  by  connecting  strokes 
vUeh  has  been  already  referred  to.  This  papyrus  was  no  doubt  a 
*^  made  for  a  scholar's  own  nse,  and  not  for  sale.  It  is  copied  in 
^  ordinary  character  which  he  would  write  naturally.  The  second 
fPfnu,  containing  a  dialectical  treatise,  of  the  same  ago,  is  inscribed 
*  itia  formal  literary  bond  by  a  professional  writer,  working  for  the 
r^k  market.  Com]iariug  these  two  works  with  those  of  the  preccd- 
j^Oa&tary  we  should  pronounce  a  deterioration  in  the  formal  hand, 
^IBg  a  gtyio  which  naturally  tends  to  become  artiHctal ;  but  we  do 
^  perceive  any  great  chango  in  the  cursive  hand,  which  is  tho 
^Mara]  band,  except  that  it  may  be  rather  more  fluent  than  that  of 


^ 
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Wo  now  him  the  century  and  glance  at  ono  or  two  of  tbe  claniat 
papyri  representing  the  first  century  b.o.  The  literary  hand  afHome* 
in  8ome  of  these  a  more  compact  style.  The  manascript  of  tie  H^ 
book  of  the  Iliad,  known  as  the  Harris  Homer,  now  in  the  Briti<l> 
Museum,  is  an  excellent  specimen,  hut  rather  discoloured.  Here  tbe 
writing  is  again  of  the  formal  literary  type,  the  letters  delicately 
shaped  and  lightly  inclining  to  the  left  Somewhat  of  the  aams  cwt 
of  hand  and  of  the  same  period  is  the  quite  recently  discoren*! 
papyrus  of  tbe  odes  of  the  poet  Bacchylides.  The  writing  is  beaoti- 
fnlly  clear,  and,  hod  the  roll  not  been  tmfortunately  broken  up  uul  i 
portion  of  it  reduced  to  a  confusion  of  small  fragments,  the  editing  of 
the  book  would  not  have  presented  most  of  the  difficulties  which  no* 
have  to  be  encountered. 

Towards  the  end  of  tbe  first  century  a  more  ornamental  olaalO^ 
writing  for  literary  purposes  appears  to  have  been  coming  into  rogna. 
It  was  essentially  a  calligraphic  style,  and  in  tbe  rounded  ehapec  of 
the  letters  we  see  an  indication  of  the  form  that  Greek  literary  writiiig 
was  to  assume  when  the  writing  material  changed  from  the  fnil 
papyrus,  on  which  the  strokes  were  necessarily  of  a  light  character, 
to  the  Bubetantial  vellum  which  would  bear  the  impress  of  a  firmer 
hand.  A  fragment  of  the  Odyssey,  now  in  the  British  Museum,  which 
may  be  dated  in  tbe  closing  years  of  the  century,  is  in  this  stylo. 
And  again,  the  beautifully  written  papyrus  which  contains  the  ora- 
tion of  Hyperides  for  Lycopbron  and  Euxenippus,  and  which  may  be 
placed  in  the  first  century  of  our  era,  is  another  example  of  this  precise 
but  rather  arti£.cial  baud. 

But,  now  and  again,  a  scholar,  perhaps  too  poor  to  buy  costly 
papyri,  perhaps  living  too  far  away  in  the  country,  or,  it  may  be,  pre- 
ferring his  own  transcript  to  the  handsomer  but  less  correct  text 
which  ho  might  purchase,  wrote  out  some  favourite  book  for  his  own 
use.  The  long-lost  work  of  Aristotle  on  the  Constitution  of  Athens, 
which  waa  recovered  only  a  few  years  ago,  is  an  instance  of  thiH 
personal  industry.  Written  on  the  back  of  some  farm  accounts  of 
the  year  78-79  a.d.,  the  text  is  in  the  involved  and  cramped  cursive 
hand  found  in  documents  of  tbe  end  of  the  century.  But  such  home- 
made books  were  no  doubt  comparatively  rare  by  the  side  of  those 
turned  out  by  the  professional  literary  scribe,  whose  writing  was  now 
approaching  nearer  to  the  perfect  round  uncial  hand  which  we  find  ia 
the  earliest  vellum  manuscripts.  The  papyrus  document  which  oomes 
nearest  to  that  round  hand  ia  tbe  Bankes  Homer  of  the  fieoond 
century. 

How  this  hand  was  taught  in  the  schools  we  learn  from  an 
interesting  little  diptych  or  pair  of  waxen  tablets  belonging  to  a 
Bohoolboy  of  about  the  second  century.* 

This  copy-book,  clumsily  made  of  wood,  with  a  sunken  snrCice 
coated  with   wax  in  the  usual  way,  contains  two  columns  of  the 


\ 


*  Brit.  Mug.,  Add,  MS.  34,180. 


; — M.UO  iiiaBHir  iwa  writvtui  uut  ai^im-ui  ootpou  fmuieriignuy, 
Hj  the  wax  was  too  thin,  cloee  to  tho  edge,  for  the  stilus  to 
a  good  impression  :  and  the  pupil  leaves  it  out  altogether.  Sut 
,y  turn  the  laugh  against  the  pedagogue.  The  word  wurmerai 
I  have  been  mornifTc.  'Ilio  master  discovered  kis  error,  but  bo 
[n  his  epsilon  at  the  end  of  the  wrong  line, 
le  descent  of  tfao  beautiful  uncial  writing  of  the  vellum  mann- 
I  from  this  earlier  band  requires  no  further  demonstration.  Tho 
great  codices  of  the  Bible — the  "Codex  Vatieanus"  of  tho 
century,  the  "*  Codex  Sinaiticus  "  of  the  fourth  or  fifth  century, 
e  "  Codex  Alexandrinus  "  of  the  fifth  century — are  great  paleeo- 
lumentB  as  well  as  all-important  texts. 


r  oar  earliest  specimens  of  Latin  handwriting  wo  have  recourse 
excaTationa  of  Pompeii,  and  of  Hcrculaucum,  and  of  Komo. 
Pompeii  we  have  a  large  collection  of  wall  inscriptions  which 
leen  carefully  collected  by  the  Germans  and  published  by  them 
Tolnmes  of  tho  '  Corpus  Inscriptionnm  Latiuarum.'  We  have 
om  the  same  source  a  very  valuable  set  of  waxen  tablets  which 
ound  a  few  years  ago,  and  which  have  been  partly  published  by 
oietj  of  the  Lincei  of  Rome.  A  complete  odttiun  has  been  long 
promised  by  Professor  Zangemeistor  of  Ueidelberg. 
le  wall  inscriptions  of  Pompeii  are  of  two  kinds :  first,  those 
with  a  brush  in  largo  letters,  generally  in  capital  letters, 
dug  chiefly  of  advertisements,  reoomniendations  of  candidates, 
Qooments  of  public  games,  losses,  houses  to  let,  &c. — in  fact, 
ich  adTertisements  as  we  may  see  placarded  in  print  on  our 
alls  at  the  present  day.  Some  few  of  these  are  of  early  date, 
oet  of  them  liu  between  tho  yctirs  63  and  79  of  our  era,  the 
year  being  the  date  of  the  destruction  of  tho  city.  The  second 
of  the  wall  inBcrij)tiouB  is  coinpoaed  of  scrawls,  a  few  in 
Lpr  chalk,  but  most  of  them  soratched  with  a  sharp  point,  that 
Iri  thtiv  mrt^  in  niirinvA  Inttpm.  rtiiI  mnmiit  of  r11  Uindfi  nt  {Alt* 
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They  ircre  foand  in  1875  in  the  boase  of  a  {nwnbroker  or  buiVer 
DMuied  Lncias  Ctecilins  Jacandos.  Enclosed  in  a  box  placed  is  a 
reons  abore  the  portico,  they  furtunatcly  escaped  absolute  dcetraction, 
although  moch  blackened  and  damaged  by  the  heat.  They  complies 
two  classes  of  docmnents,  viz.  deeds  connected  with  anctirins,  uid 
receipts  for  payments  of  taxes.  They  range  in  date  mostly  from 
A.D.  63  to  A.D.  62,  and  they  are  generally  triptychs,  that  is,  tablets 
formed  of  three  boanls  or  learet  of  wood.  Of  the  same  period  V6 
a  few  fragments  of  Latin-written  papyri  found  among  the  Grwk 
collection  recovered  at  Hercnlanenm.   They  are,  however,  very  scanty. 

The  next  important  material  consists  of  twenty-four  waxen 
tablets,  which  were  recovered  in  the  ancient  mining  works  uf 
Yerespatak,  in  Dacia,  the  ancient  Albomns  Major,  and  concern 
the  private  alTairs  of  the  miners.  Twelve  of  them  bear  dates  between 
the  years  131  and  167  of  our  era.  These  tablets  were  probably  l((t 
in  the  mines  when  the  Il(jman  colony  was  siidde-nly  attacked  by  tko 
barbarians ;  and  it  has  been  suggested  that  the  destruction  of  tbe 
place  was  efiected  in  the  war  with  the  Marcomanni,  a.i>.  166-180. 
They  are  published  in  the  '  Corpns  Inecriptionum  Latinarnm.' 

Contemporary  with  these  collections  we  may  also  count  a  few 
documents  and  stray  tiles  and  such  fragments  found  at  variont 
sites,  which  are  scratched  with  alphabets  or  verses  or  haphaurd 
memoranda. 

The  greater  part  of  the  materials  which  have  just  been  enumerated 
consist  of  documents  or  fragments  written  in  cursive  handwriting, 
and  afford  us  means  of  tracing  pretty  clearly  the  cunnee  which  that 
form  of  Roman  writing  took  in  the  early  centuries,  leading  on  to  tLe 
current  handwriting  which  we  find  in  the  papyri  of  Italy  of  the  early 
middle  ages,  and  forming  eventually  the  type  upon  which  the  uatioual 
handwritings  of  Italy,  France,  and  Spain  were  develoj)ed. 

Two  tables  of  alphabets  in  the  'Corpus  Inscriptionnm '  show 
the  forms  of  letters  used  in  the  wall  inscriptions  and  those  used  in 
the  waxen  tablets  of  Dacia.  In  the  Erst  division  of  the  first  plate,  wo 
have  the  oldest  forms  of  letters  painted  with  a  brush :  in  the  first 
row,  square  capitals,  formed  precisely ;  in  the  second  and  third  rows, 
the  more  careless  and  quickly  written  alphabet,  which,  from  its 
negligent  style,  has  been  called  Euslic.\  In  the  third  and  fourth 
divisions  are  the  cursive  al{ihabet8  of  the  graffiti.  Bunning  the  eye 
vertically  down  the  several  columns  of  the  letters,  we  can  follow 
their  changes  and  see  the  history  of  the  development  of  certain  forms 
very  plainly.  In  writing  quicldy,  all  parts  of  the  letters  which  may 
be  dispensed  with  without  obscuriug  their  forms  naturally  fall  away; 
the  cross  stroke  of  A  is  soon  found  to  be  a  trouble,  it  drops  into  a 
tag,  and  in  many  cases  altogether  disappears.  The  letter  B,  even  in 
the  early  stage  in  tho  second  division,  begins  to  lose  the  upper 
bow.  In  the  third  division,  the  main  stroke,  instead  of  being  dravm 
in  its  proper  vertical  line,  runs  off  to  the  line  of  the  bow,  and 
then  a  bow  is  added  on  the  left,  giving  tho  lotter  tho  appearance  uf  a 
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nil]  d  or  tall  o  ;  this  development  ia  seen  pretty  well  completed  in 
the  foorth  division.  The  letter  E,  besides  the  capital  form,  is  also 
writtou  in  two  vertical  strokes,  a  form  found  in  inscrijitiona  and 
*liicli  appears  in  the  old  Fflliscau  alphabet.  In  the  waxen  tablets 
tlug  form  is  very  generally  used,  no  doubt  because  it  was  so  very 
tuHj  written.  In  the  letter  F,  agaiu,  the  cross  stroke  gradually 
drops  away,  and  the  letter  is  formed  eventually  of  merely  two  strokes, 
j»tli  of  them  vertical.  The  dovelopniont  of  the  tail  of  G  can  be  traced 
10  tbe  column  as  we  descend.  In  the  fourth  diviBion,  the  four 
"trokei  of  the  letter  M  fall  into  a  perpendicular  arrangement.  But 
ioi*  form  of  the  letter  does  not  occur  in  the  Dociau  tablets ;  it  was 
pivbably  found  confusing  in  a  class  of  writing  which  contained  so 
P>u>7  verticals.  The  letter  N  g  jcs  through  the  same  course,  falling 
pto  lime  vertical  liues.  The  breaking  up  of  the  letter  O  is  very 
iBltnttiag :  when  it  is  formed  by  the  double  action  of  two  curves 
■M&g,  the  second  curve  tends  to  become  concave  like  the  first,  the 
Mlar  thus  assuming  the  form  of  a  badly  made  cursive  a.  In  the 
*tttr  P  we  see  the  gradual  loss  of  the  bow — or  rather  its  change 
'nu  %  carvo  to  a  mere  oblique  tag  or  stroke.  Important  changes 
!**«  over  the  letter  R  ;  first  comes  the  opening  of  the  bow,  then  the 
gndtud  change  in  the  direction  of  the  stxoke,  which  becomes  a  mere 
»»»«d  line. 

The  second  table  of  alphabets  represents  the  forms  of  letters  found 
Q  Qie  Daoian  waxen  tablets  of  the  second  century.  Here  is  a  still 
"rtlwr  development  of  the  letters  of  the  graffiti^  and  in  writing  on 
1>6ii  k  material  as  wax  there  would  be  even  more  temptation  to  get 
^  of  superfluities  in  the  letters,  than  when  writing  on  a  plasber- 
•'"'•rBd  walL  Further,  the  tendency  of  the  action  of  the  hand 
•wU  be  to  write  letters  sloping  rather  to  the  left,  the  curves  would 
jUltend  to  booomo  concave,  the  stilus  being  held  with  its  point  inwards, 
^he  phbcipal  difficulty  in  reading  the  writing  on  the  waxen  tablets  is 
•"•d  by  the  linking  of  tho  letters,  many  of  the  combinations  form- 
'*C  >liDo«t  monograms ;  these  are  all  collected  in  tbo  lower  division  of 
T^  plate.  Accurate  facsimiles  of  the*  wall  inscriptious  are  collected 
^  too '  Corpus  Inscriptiouum '  and  may  there  be  studied  in  all  their 

From  the  tables  of  alphabets  it  ia  seen  how  the  cursive  hand  of 
f'^dsy  life  developes  from  the  capital  letters ;  and  those  capital 
^*^si«  of  course  nothing  more  tlian  tho  later  development  of  tho 
**fc«ic  alphaltct.  To  find  the  Roman  literary  hand,  we  must  start 
jB^a  frc'm  the  capitals,  but  move  in  a  ditt'L^reut  direction  from  that 
""•wnd  by  the  onraive  writing.  For  public  inscriptions  a  refined 
*^  Irtistio  form  of  letters  was  naturally  soon  required ;  and  the 
***tion  of  Tery  porfoct  alphabets  of  capital  lotterH,  both  square  aud 
'"^^  molted.  To  spply  this  largo  stylo  to  literary  purpijses  may 
Hipwr  to  US  a  costly  aud  cumljcrsome  method  ;  and  it  is  certainly 
''"Kwkable  that  tho  practice  of  producing  manuscripts  in  large  letters, 
^  bajosoolas,  sfaotild  have  endured  so  many  centuries  as  it  did.    On 
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the  other  hand,  we  miut  remember  that  the  many  eiamples  that  Lare 
BorriTed  probablj  owe  their  long  life  to  the  fact  that  they  have  boon 
always  regarded  as  of  special  value,  and  have  thns  been  cuefollj 
kept,  while  ordinary  copies,  transcribed  in  the  common  handwrHJag 
of  the  day,  and  probably  far  more  nomerons  than  the  niajoKole 
oodicee,  l^ve  been  allowed  to  perish.  However,  extant  examples 
prove  to  ns  that  capital  writing  waa  employed  in  the  prodnctioo  of 
important  manuscripts,  both  in  the  square  letter  and  in  the  nubo 
letter.  But,  aa  the  latter  form  ooold  be  more  expeditioaaly  written,  it 
was  more  frequently  need  than  the  square  type.  Again,  the  incon- 
venience of  the  square  type  almost  immediately  caused  another 
modification  ;  the  scribe  took  to  rounding  off  the  angles  of  the  letters, 
and  a  script  which  has  received  the  name  of  Uncial  writing  waa  dere- 
loped.  From  the  fourth  century,  then,  we  have  snrviving  example* 
of  manuscript  volumes  in  these  large  letters.  But  the  system  oonld  not 
last;  the  square  letter  scorns  to  Lave  soon  fallen  into  desuetode; 
then  the  rustic  hand  gradually  dies  out,  leaving  the  uncial  in  poaset- 
Bion  of  the  field,  only,  however,  to  fall  eventually  into  a  decrepit  and 
imitative  state,  and  to  disappear  before  the  beautiful  literary  small 
hand  which,  by  the  beginning  of  the  ninth  century,  had  at  length,  aft«r 
many  vicissitudes,  fully  developed  from  the  current  forms  of  luuul- 
writing. 

One  or  two  fragments  exist  to  show  ns  the  early  practice  of 
writing  in  capital  letters.  A  fragmentary  papyrus  was  recoventd  from 
the  ashes  of  Herculaneum,  inscribed  with  a  poem  on  the  battle  of 
Actium  in  a  light  style  of  rustic  letters,  which  was  probably  in  faitlj 
general  use  for  literary  purposes  in  the  first  baK  of  the  first  centniy* 
The  words  are  separated  from  one  another  by  a  full  point,  as  is 
inscriptions;  and  long  vowels  are  in  many  instances  marked  witlJ 
on  accent — long  I  being  indicated  by  doubling  the  letter  in  height. 

Another  fragment  of  interest  is  a  scrap  of  a  sheet  of  papjraB, 
which  contained  a  writing  exercise  of  some  young  scholar  in  Egyp'j 
perhaps  of  the  first  or  second  century  ;  now  in  tho  British  Museum. 
A  line  from  the  second  book  of  the  ^ucid  was  the  t«xt  chosen  for 
this  copy : — 

*  Non  tibi  Tyndaridia  facies  inviaa  LaoatuB." 

Tho  fragment  shows  a  few  imperfect  repetitions  of  this  line  copied  in 
rustic  capitals,  with  some  slight  variations  from  the  normal  sbapea 
Tho  letter  D  is  exaggerated ;  and  (a  matter  of  more  interest)  tho 
d-shapod  B,  the  development  of  which  in  the  cursive  alphabet  Ltf 
already  been  noticed,  is  employed  instead  of  the  usual  capital. 

But,  as  already  said,  wo  have  to  descend  to  the  fourth  ceutor;  to 
find  examples  of  oomplote  volumes  in  this  largo  character.  Th* 
"  Codex  Pttlatinua"  of  Virgil,  now  in  tho  Vatican  Library,  is  the  best 
written  manuscript  of  that  time,  and  in  the  beautiful  regularilj 
of  its  rustic   writing  rosembles   tho  soulptiircd  inscriptions  of  lO 
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vpum  u  in  in  irui  »rengcs;     lo  Bee  wsat  it  xteaane  in  lu 

leoadence,  we  may  glnnco  st  the  mnnnscript  of  PrudentiuB  at 

written  about  the  year  500,  in  which  the  cbaractor,  though  still 

IB  artificial ;  and  an  instance  of  pure  iroilation,  as  lato  as  about 

Mr  800,  is  afforded  by  the  cunusoript  known  as  the  Utrecht 

le  evidence  of  the  employment  of  the  aqnuro  capital  for  snmp- 
manuBcripts  is  more  ecanty.  No  volume  in  this  style  has 
ed ;  bat  a  few  leaves  from  difTcroDt  ixianuBcriptB  are  still  in 
ac«.  At  St.  Qall,  in  Switzerland,  there  are  tbo  remaius  of 
most  have  been  a  manuscript  of  immense  size,  for  each  page 
Ded  only  nineteen  lines.  Again,  the  anther  ohoson  for  this 
:tion  is  Virgil,  and  the  manuscript  may  have  been  written  early 
fifth  century. 

le  third  class  of  majuscule  writing  is  the  nncial;  and  the 
It  example  of  it  is  probably  to  be  found  in  the  palinipsest 
ents  of  Cicero  '  do  Hepublica,'  of  the  fourth  century,  in  the 
ta  Library.  Hero  again  the  manuscript  whoa  perfect  must 
leen  of  unusual  size.  The  upper  writiug  is  the  commentary  of 
gnstiue  on  the  Psalmg,  written  lato  in  the  sevouth  century.  The 
Bntary  copy  of  the  Gospels  at  Vercelli  in  North  Italy,  of  the 
'  tho  fourth  cenlury,  shows  the  uncial  hand  in  a  perfect  and 
IDS  form ;  and  the  manuscript  of  Livy  in  the  Imperial  Library  of 
R  IB  one  of  the  best  examples  of  the  characters  in  tbo  fifth 
y.  For  the  three  following  centuries,  the  uncial  was  destined 
the  chief  literary  hand  of  Western  Europe ;  but  wo  must  take 
of  it  at  this  point  to  trace  in  ontlino  the  development  of  tho 
or  minuscule  band  which  was  to  supersede  it. 
B  return  to  tbo  early  Roman  cursive  hand,  and  take  up  tho 
,  with  the  Dacian  waxen  tablets  of  the  second  century,  selecting 
them  of  the  year  139.f 

lia  tablet  originally  consisted  of  three  loaves,  and,  counting  six 
l^ba  tablet,  wo  open  it  to  tbow  pages  2  and  3  of  the  triptych. 

^^K._^ t ?»._a     i_   T» Z.-! !i- 3-_a    .1 
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string  or  wire  was  piisseil  tlirongli  them  and  was  secored  ob  tlie  bwlc 
of  the  eeoond  leaf,  that  in,  on  page  4,  by  the  seals  of  the  witnetses; 
and  on  the  same  page  the  deed  is  repeated,  in  accordance  with  the 
legal  practice  of  the  Bomans.     Had  wason  tablets  been  the  prinoipiJ 
writing  material  of  the  Roman  world  and  continued  to  be  so  throngh 
the  middle  ages,  we  should  at  this  day  be  writing  a  script  quite  dif- 
ferent from  the  one  which  we  actually  employ.     The  character  of 
the  writing  material  has  necessarily  had  at  all  times  an  important 
influence  on   the   character   of   the  handwriting;    a  most  notftble 
example  being  the  development  of  the  cuneiform  writing  in  Babyloni* 
and  Assyria,  where  clay  was  the  writing  material  in  general  ose.    On 
such  a  surface  as  moist  clay  the  letters  could  be  more  easily  formed 
by  pimctures  than  by  strokes ;  and  so  it  would   have  been  with  a 
prevalent   use    of    waied  surfaces.     We   have   seen   the  disjointed 
character  that  the  Roman  writing  assumed  in  the  tablets  ;  confined  to 
the  same  material  it  wonld  have  broken  up  still  more,  links  and  ctuvefl 
would  gradually  have  disappeared,  and  in  the  end  the  alphabet  would 
have  consisted  of  a  series  of  straight  strokes  and  angles.     But  wuen 
tablets  did  not  constitute  the  only,  or  even  the  principal,  writing 
mntorial  of  the  Romans ;  and  a  connected  oarrent  baud,  gradnally 
changing  from  capital  forms  to  minuscule  forms,  was  developing  oa 
papyrus  and  vellum,  alongside  the  disjointed  cursive  letters  of  the 
waxen  tablets.     Unfurtunately  scarcely  any  specimens  of  this  current 
band  of  early  dato  have  been  found — nothing  more,  in  fact,  than  a  fev 
Bobecriptions  of  witnesses ;    wo  can  only  hope  that  some  fortunate 
discovery  in  Egypt  may  put  us  in  possession  of  documents  to  snppiT 
the  links  missing  in  the  chain.     Coming  down,  howover,  to  the  fif^ 
and  sixth  centuries  we  iiud  ourselves  again  U|)on  firm  ground  with  the 
papyrus  documents  of  Ravenna  and  Naples  and  other  places  in  Italji 
in  which  we  see  the  cursive  Roman  hand  developed  into  a  hold,  rather 
straggling  character.     As  an  cx»mplo  we  may  select  a  Ravenna  deed 
of  the  year  672,  which  is  a  good  typical  specimen,  and,  to  analyse  it 
the  better,  we  may  add  a  tabic  of  the  forms  of  the  letters,  which  fre- 
quently changed  tlioir  shape  when  in  combination  with  others.* 

To  follow  the  history  of  this  hand,  I  should  have  to  trace  itsconrw 
in  the  early  middle  ages  through  the  national  handwritings  of  Ittlj 
and  of  the  Frankish  empire  and  of  Spain,  of  which  it  was  the  paieot. 
Each  of  those  national  hands,  the  Lombardic,  the  Merovingian,  and 
the  Visigothic,  as  they  have  been  tcrmod,  snooeeded  also  in  develop- 
ing a  literary  form  of  writing  of  its  own,  not  inelegant,  but  still,  even 
at  its  best,  rather  intricate.  In  their  cursive  forms  they  became  mor* 
and  more  involved  and  illegible ;  and,  to  the  lasting  advantage  of 
Western  European  handwriting,  they  wore  swept  away  by  the  ne* 
hand  which  grew  up  in  tho  reign  of  Charlemagne.  It  is,  howeTer, 
not  without  intorost  to  know  that  the  gouius  of  tho  Roman  corsTe 


*  Pal.  Soc,  i.  2:  and  table  of  Latin  curaive  alphabets  in  my  'Handbook  of 
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I  becomes  an  artiScial  biiad,  and  that  tho  natnrj,!  Land  is  the 
live  liiind  of  ordinary  life,  we  shall  bo  prepared  to  find,  what 
\y  took  plnco,  that  cursive  forms  S(K>a  bugan  to  intrade  among 
majuiicale  forms  in  those  manasoripts  which  wore  not  of  tho  first 
»r  ;  in  other  words,  the  scribes  would  allow  the  minnscnlo  caraive 
u  which  thi>y  wrote  as  their  ordinary  hand  to  slip  in  among  the 
e  artificial  literary  letters.  In  fact,  absulute  parity  of  the  script 
Id  only  be  maintalne<^l  in  very  carefully  written  books.  Hencd 
B  a  class  of  writing  which  has  been  called  Half-uncial,  because  it 
>mpoaed  of  a  mixture  of  uncial  and  small  letters.  No  doubt  it 
i  some  little  time  for  this  kind  of  writing  to  be  reduced  to  a 
em:  and  we  can  see  it  in  an  incipient  stage  of  development  in 
I  technical  works  as  law  books  where  this  incipient  style  may 
)  become  traditional.  In  marginal  notes  too,  the  writing  space 
)g  limited,  this  mixed  hand  was  often  preferred  to  the  ordinary 
live  writing,  jast  as  wo  write  a  half-printing  style  of  letters 
gbe  narrow  margins  of  oar  books.  But  those  stages  must  have 
I  alflo  passed  through  in  much  earlier  times  than  the  periods  of 
extant  examples  ;  for  the  half-uncial  hand  had  become  a  recognised 
1  of  literary  handwriting,  at  least  by  the  boginniug  of  the  sixth 
mry.  A  manuscript  of  St.  Hilary,  now  in  tho  archives  of  St. 
ir'a  ut  Rome,  is  written  in  this  character  and  boars  a  date  of 
njon  in  tho  year  509-510.* 

Judging  from  extant  examples,  the  literary  half-uncial  hand  appears 
live  been  8p<.'cially  in  favour  in  Southern  Franco  and  Italy ;  and 
itoally  it  has  had  the  largest  career  of  any  form  of  Western  writing. 
CMi  here  only  mention  the  fact  that  it  was  the  hand  on  which  tho 
b  floribed  of  the  seventh  century  motlollod  their  national  writing, 
lit  beoame  the  parent  of  our  own  Anglo-Saxon  character.     When, 
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national  hands  began  in  most  countries  to  pass  into  slorenly  age  in 
the  fifteenth  centniy,  tro  owe  it  to  the  sense  of  beanty  in  the  Italisns 
that  a  better  model  than  that  period  could  afford  was  finmd  for  the 
choicest  types  for  the  newlj  invented  art  of  printing.  The  Culo- 
vingian  writing  had  passed  into  a  beautiful  form  under  the  bonds  of 
the  Italian  scribes  of  the  eloTonth  and  twelfth  centuries ;  and  when, 
in  the  Renaissance,  fastidious  taste  rejected  contemporary  writing  u 
not  being  excellent  enough  for  the  highest  standard,  it  was  to  tint 
earlier  form  that  men  again  turned  as  the  only  pattern  fit  for  the 
reproduction  of  manuscripts  of  the  classics,  and  then  for  the  printing 
of  books,  in  the  type,  so  perfect  in  its  simplicity,  which  we  nil 
Boman. 
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ina  Cbiohtox-Browtte,  M.D.  LL.D,  F.R.S.  Treasurer 

aud  Vice-Preeidont,  in  the  Chair. 

Sib  Wiiaiam  Tpbnbb,  D.C.L.  LL.D.  F.B.S. 
^P  Early  Man  in  Scotland. 

lid,  as  in  other  countries,  man  existed  before  the  time  of 
Mtnij.  The  conditions  nndcr  which  liis  remains  are  foand, 
iirks  which  ho  has  left  behind  him,  provide  the  data  for 
dg  their  age,  not  absolutely  or  capable  of  being  expressed 
s  of  years,  but  relatively  to  each  other, 
d  ditfercuoos  existed  in  the  physical  conditions  of  Scotland, 
1  in  the  northern  parts  of  England  also,  as  compared  with 
>m  districts  of  England  and  the  adjoining  parts  of  France 
am  at  the  first  appearance  of  primeval  man  iu  tliosc  coiiutrics . 
lore  Deoessary,  therefore,  that  the  conditions  then  prevailing 
id  shoald  not  be  overlooked. 

idence  sofBcient  to  satisfy  geologists  has  been  advanced  to 
I  man  existed  in  Britain  during  the  period  called  Tertiary. 
leed,  as  Scotland  is  concerned,  evea  if  it  wore  admitted  that 
fcrts  of  the  globe  man  had  been  on  the  earth  during  Tertiary 
re  is  little  likelihood  that  his  remains  could  have  been  pre- 
it  in  that  country  the  Tertiary  is  reproBcuted  chiefly  by 
Dcks,  and  a  few  patches  of  sand  and  gntvel  with  rolled  sea 
tnging  to  the  closing  stages  of  that  period. 
the  careful  study  which  geologists  have  given  to  the  surface 
lid,  it  is  evident  that  at  the  commencement  of  the  period 
Uiemary  or  Pleistooeue,  immediately  succeeding  the  Ter- 
wliole  of  the  couatry  was  covered  with  ice  which  formed  a 
pt  3000  or  4000  feet  thick  in  the  low  grounds,  of  which 
boulder  clay,  ur  till,  as   it   is   termed,  was   the  ground- 

I  upper  bonlder  clay  also  occurB,  which  is  often  separated 
lower  bonlder  clay  by  stratified  deposits,  some  of  which 
marine  and  other  &esh  water  and  terrestrial  organic  remains, 
lua  that  the  Ice  Age  was  not  one  uuinterrnptcd  period  of  oon- 
dd.*     The  lower  and  npper  tills  are  tlie  ground-morainei  of 


rviileoeo  on  which  these  statements  are  based,  oodsdU  the  '  Great 
ky  Prnfi'Mcir  J&mes  GeLkie,  edition  1894,  also  his  '  CInssiflcalion  of 
akeial  Deposits,'  in  Journal  of  Geology,  vol.  iii.  April-Mar,  ItJUS. 
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independent  ice  eheets,  each  indicating  ft  distinct  epoob,  seponted  bj 
an  interglacial  period.  The  earlier  epoch  was  that  of  niKriinBffl 
glHciatioD,  and  the  ice  sheet  extended  over  tho  north  and  mMh  "^ 
Enirland,  as  far  south  as  the  Thames  Valley  and  tlje  foot  of  tho 
Cotswold  Hills,  but  the  high  moors  in  Derbyshire  and  Yorkshire  and 
tiio  tops  of  the  highest  mountains  in  Walps  and  Scotland  rose  al)0»e 
its  surface.  The  great  Mer  de  Glace  strt^tched  westwiird  over  lielwid 
into  tho  Atlantic,  whilst  on  the  east  it  was  continuous  across  the 
North  Sen,  with  a  similar  ice  sheet  which  covoi-ed  Scandinavia  usu 
the  region  of  the  Baltic,  and  extended  south  to  the  foot  of  the  bill^ 
of  central  Europe,  and  overspread  much  of  the  great  central  |)1iuij. 
In  the  extreme  south  of  England,  therefore,  the  conditions  difftwl 
from  those  that  obtained  in  the  country  farther  north.  Althongb  not 
actually  covered  with  a  slieet  of  ice,  yet  the  more  southern  cuuotios 
had  been  of  necessity  under  the  influence  of  cold,  and  must  bare  been  _ 
subjected  to  the  effects  produced  by  rain  and  enow,  by  freezing  »^^  I 
thawing. 

During  the  snccceding  intcrglaciol  epoch  the  climate  eventntHf 
became  temperate  and  genial,  and  vegetable  and  animal  life  nboundod. 
It  is  to  this  stage  that  most  of  the  Pleistoceno  river  alluvia  and 
cave  deposits  of  England  and  the  adjacent  parts  of  the  Coutineut  ftR) 
assigned.  The  British  iRlands  appear  at  tbat  time  to  have  been 
joined  to  the  Continent,  and  the  sanie  mammalian  fnuna  then  occupied 
firitiiiu,  France  and  Belgium,  which  implied  similar  climatic  condi- 
tions. As  examples  of  those,  it  may  be  sufficient  to  name  the  larger 
mammals,  as  the  cave  and  grizzly  bear,  the  hyeena,  lioN,  Irisli  deer, 
reindeer,  liijipojiotamus,  woolly  rhiuocfii'os,  straight-tusked  clepbanl 
and  iiiatnniotb,  all  of  which  arc  now  either  locally  or  wholly  extiDct. 

Abundant  evidence  exists  that  man  was  ooutemjwranoous  with 
these  mammals  in  western  Europe,  as  is  shown  by  the  presence  of 
bis  bones  alongside  of  theirs,  and  of  numerous  works  of  his  hniids, 
more  especially  the  implements  and  tools  which  he  had  manufactnred 
and  employed.  To  a  large  extent  these  consisted  of  flint,  ratlely 
chipped  aud  foehioned.  To  those  implements,  and  to  the  men  who 
made  them,  the  well-known  term  '*  Palaeolithic "  is  applied.  But 
along  with  these,  other  implements  have  been  discovered,  made  fr(>fli 
tho  bones,  horns  and  teeth  of  tlio  larger  mammals,  on  some  of  which 
animal  forms  and  incidents  of  the  chiiso  have  been  sculptured  both 
with  tasto  aud  skill.  Up  to  now,  however,  no  trace  of  pottery  which 
can  without  question  be  referred  to  Palieolithic  men  has  Inxsn  found,  M 
aud  no  habitations,  except  the  caves  aud  rock  shelters  which  uatord  f 
provided  (or  them. 

One  may  now  consider  how  far  northwards  in  Britain  Palaolithio 
man  and  the  largo  mammals,  with  which  he  was  contomporaneooi, 
have  been  traced.  The  exploration  of  caverns  ma<lo  by  Profeasor 
Buyd  Dawkins,  and  other  geologints  associate<l  with  bitn,  Las  proved 
tbat  bones  of  cortaia  of  the  mammals  of  this  epoch  were  prwent 
in  caves  in  Derbyshire,  Yorkshire  and  North  Wales,  aud  that  buuuui 
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«tnuns  And  implementfl  of  Palieolithic  type  hare  been  foaud  along 
ritb  them  in  t}ie  Ribin  Rood  cave  in  the  CrefBwell  Crags,  and  in 
iKTems  in  Nortli  ami  South  Wales. 

When  Scotland  is  considered,  evidonco  of  the  existence  of  the 
natnrnals  of  this  epoch  is  not  so  abundant,  jet  the  interglacial  beds 
jf  that  cotintry  have  yielded  remains  of  luummoth,  reindeer,  Irish 
ftlk,  nnis  and  horse.  But  notwithstandin;^  the  keen  scrutiny  to 
Irhieh  the  superficial  deposits  in  Scotland  have  been  subjwted  by 
the  members  of  the  Geological  Survey  and  others,  no  traces  either 
of  the  bones  of  Palfcnlithic  man  or  of  the  work  of  his  hands  have  been 
dieoovered  in  North  Britain,  This,  indeed,  is  not  much  a  matter  of 
larpriac,  for  it  must  be  remembered  that,  subsequent  to  the  genial 
interglacial  epoch,  another  ice  sheet,  that  of  the  nppor  bonldor  clay, 
Biado  its  appearance,  grinding  over  the  surface  of  the  land,  wearing 
liray  nllnria,  and  largely  obliterating  the  relics  of  intorglatMal  times. 
Eence  interglaciol  beds  occur  only  at  intervals  aud  are  very  fragnien- 
biry.  Nor  in  Scotland  are  there  any  caves  similar  in  dimensions  to 
those  whicli  in  England  and  elsewhere  have  yielded  such  abundant 
Imces  of  Palieolithio  man  and  his  mammalian  congeuers.  If  PalfBo> 
lithio  man  evtT  did  eiist  in  Scotland,  aud  there  is  no  reason  why  he 
Intgbt  not  have  migrated  northward  from  Yorkshire  and  Wales,  yet 
ftne  could  hardly  expect  to  discover  traces  of  liis  former  presonco.  In 
Bootland  there  are  no  missive  limestones,  with  extensive  caverns,  in 
irhich  man  could  hare  shcllored,  aud  in  which  his  relics  and  remains 
Conld  have  been  secure  front  destruction  during  the  ailviinco  of  the 
locond  ice  sheet.  It  is  only  in  the  alluvial  de{K>sits  of  interglacial 
times  that  such  trnces  have  boon  preficrved,  but  these  deposits,  as  we 
bavo  seen,  wore  phmgliod  out  and  to  a  groat  extout  demolished  by 
the  later  sheet  of  ioo.  The  shreds  that  remain,  howovor,  are  of  ex- 
troina  iutorest,  from  the  fiict  that  they  omilaiu  relies  of  tlio  Plcis- 
tiKcne  mammals,  with  which  Palaeolithic  man  was  eoutomporaiieoiiB ; 
knd  there  is  a  baru  chance  that  some  day  traces  of  man  himself 
buy  be  enconntored  in  the  same  deposits. 

G«olugists  have  shown  that  in  the  regions  which  wore  overflowed 

fctbe  second  or  minor  ice  sheet  no  traces  of  Palfeolitbic  man,  or  of 
soathern  mammals  with  which  he  was  associated,  have  ever  been 
iMiwith  in  HritiHh  suptrticial  alluvia.  When  found  in  those  regions 
int  of  Scotland,  they  occurred  in  caves  chiefly,  and  si^raetimes  in  the 
ItntilicMl  depoc-its  which  here  and  there  underlie  the  upper  boulder- 
llay  *nd  its  accompanying  gravels. 

i^So  far  OS  Scotland  is  concerned,  one  must  look  for  a  period  unbso^ 
^■ht  to  the  tiiclting  of  the  second  great  ice  sheet  for  evidence  of  -the 
^Blenco  of  early  man.  After  its  disappearance  important  fluctuations 
Storoperoturo  and  in  the  rolutive  lev(d  of  land  atid  sea  took  place 
time  to  time,  ho  that  the  climate  and  the  area  of  land  in  Scotland 
iit  some  meaNiire  from  what  is  known  at  the  prusent  day. 
Innlly  a  jx'riod  of  cold  iigain  occurred,  not  so  severe,  undoubtedly, 
the  two  preceding  glacial  epochs,  but  sufficient  to  bring  into 
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existence  conaiderable  district  ice  sheets  and  extensive  v«llc7-glacier8 
in  the  Highlands  and  Southern  Uplands.  Scotlaod  at  this  stage  wai 
partially  submerged,  and  many  of  the  Kighland  glaciers  reached  tho 
sea  and  gave  origin  to  icebergs.  The  Eiibmergonce  slightly  exceeded 
100  feet,  and  the  marine  deposits  formed  at  the  time  are  charged  with 
arctic  shells  and  mauy  erratic  blocks  and  debris  of  rocks.  On  a  sub- 
sequent elevation  of  the  land,  the  beach  formed  at  this  level  consti- 
tuted  a  terrace,  well  marked  on  the  coast  line  in  many  districts,  an(| 
now  known  as  the  100-foot  beach. 

There  is  good  reason  to  believe  that  the  elevation  referred  to  wa« 
of  sufficient  extent  to  join  Britain  again  to  the  Continent.  It  is  to 
this  stage  that  the  great  timber  trees  which  underlie  the  old  jieot 
bogs  of  Scotland  are  referred.  The  peat  with  its  underlying  forest 
bed  passes  out  to  sea,  and  is  overlaid  in  the  carse  lands  of  the  Tay 
and  the  Forth  by  marine  deposits,  which  fonn  another  well-markM 
terrace,  the  45  to  50  foot  raietd  beach  of  geologists. 

Thus  the  elevation  of  the  land  that  followed  after  the  formation  at 
the  100-foot  beach  coincided  with  an  amelioration  of  climate  and  vnth 
the  presence  of  an  abundant  vegetation,  and  large  mamnials,  such 
as  the  red-deer,  the  elk,  and  the  Bo»  priinigenius  roamed  through 
the  woods.  "While  these  conditions  obtained  partial  sabmergenoa 
again  ensued,  and  the  sea  rose  to  50  feet,  or  thoreaboats,  above  ita 
present  level.  Within  recent  years  it  has  been  shown  that  durin 
this  period  of  partial  subnicrgcucc  glaciers  reached  the  sea  in  certaii 
Highland  firths,  which  would  seem  to  show  that  the  climate  was  hardly 
so  genial  as  during  the  preceding  continental  condition  of  the  Briti 
ares,  when  that  region  was  clothed  with  great  forests.  Ere 
however,  elevation  once  more  supervened,  and  the  sea  retreated' 
lower  level.  Hero  it  paused  for  some  time,  and  so  another  well' 
marked  terrace  was  formed,  that  which  is  known  as  the  25  to  30  fool 
beach. 

There  is  not  any  evidence  of  the  presence  of  man  in  Bootlanj 
during  the  formation  of  the  100-foot  beach  or  terrace,  but  one 
speak  with  certainty  of  his  presence  there  during  the  period  of  forma 
tion  of  the  later  l)eaches.  If  one  cimld  put  oneself  into  the  positioi 
of  an  observer,  who  at  the  time  of  the  40—50  foot  submergence  haC 
stood  on  the  rock  on  which  Stirling  Castle  is  now  built,  instead  (K 
the  present  carse  lauds  growing  abundant  grass  and  grain,  and  staddi 
with  towns,  villages,  and  farm-houses,  one  would  have  seen  a  gre*; 
arm  of  the  sea  extending  almost  if  not  quite  across  the  country  froi 
east  to  west,  and  separating  the  land  south  of  the  Forth  from  that  i 
the  north.  In  this  sea  great  whales  and  other  marino  animali 
disported  themselves,  and  sought  for  their  food.  Abundant  evideac' 
that  this  was  the  condition  at  that  time  in  the  Carse  of  Stirling, 
furnished  by  the  discovery  during  the  present  century  of  no  fewol 
than  twelve  skeletons  of  whalebone  whales  belonging  to  the  genu' 
Balisnoptera  or  Finner  whales,  imbedded  in  the  deposit  of  mad,  blu0 
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•ill  fknd  olaj  which  formed  the  bed  of  the  estuary.*    This  carse  olay, 
•s  it  is  called,  ia  now  in  places  from  45  to  50  feet  abovo  the  present  i 
bigb-water  mark,  and  is  extensively  'used  for  the  manufacture   of 
bricks  and  tiles.     At  a  still  lower  level  lies  the  carso  cLty  of  the 
25—30  foot  terrace.     Until  the  beginning  of  the  present  century  the 
rliky  had  been  covered  bj  an  extensive  peat  moss,  which  the  pro- 
prietors of  the  land  have  removed.     The  q^ucstion  which  has  now  to 
be  considereal  is — Did  man  exist  in  Scotland  at  the   period  of  the 
fomatioTi  of  the  carse  clays  and  of  the  two  lower  sea  beaches  ?  There 
u  nadonbted  evidence  that  he  did. 

Along  the  margin  of  the  45-50  foot  terrace  in  the  neighbourhood 
of  Falkirk  one  comes  upon  the  Hhell-mounds  and  kitchen-middens  of 
N*«lithic  man.  All  these  occur  on  tir  at  the  base  of  tlie  bluffs  which 
overlook  the  carse  lands — or,  in  other  words,  upon  the  old  eea-ooast. 
Again,  in  the  Carse  of  Gowrie,  a  dug-out  canoe  was  seen  at  the  very 
iiMeof  the  deposits,  and  immediately  abovo  the  buried  forest-bed  of 
the  T»y  Valley.  The  25-30  foot  beach  has  been  excavated  out  of 
the  10-50  font  terrace ;  it  is  largely  a  plain  of  erosion  rather  than  of 
*«nnijiil»tioa.  It  is  probable,  therefore,  that  many  of  the  relics  of 
■••o  "nd  his  congeners  which  have  been  obtained  at  certain  depths  in 
|h«  2&-.'J0  foot  beach  may  really  belong  to  the  p-eriod  of  the  40-50  foot 
"*ch.    S<ime  of  those  finds  will  now  be  referred  to. 

In  1819  the  bones  of  a  great  whale,  estimated  at  about  72  feet 

'<>»«g,  were  exposed  in  the  carse  laud  adjoining  the  gate  leading  into 

^0  grounds  of  Airthrey  Castle,  near  Bridge  of  Allan,  about  25  feet 

'bo»o  the  level  of  high  water  of  spring  tides.     Two  piocoa  of  stag's 

y^'^  throogh  one  of  which  a  hole  about  an  inch  in  diameter  had  beea  . 

i^^'  were  found  close  to  the  skeleton.     In  1H21,  ou  tlie  estate  of 

"'*if  Dmmmond,  in  the  district  of  Menteith,  a  whale's  skeleton  was 

f*po«(:d,  and  along  with  it  a  fragment  of  a  stag's  horn  which  was  said 

•°  n«vt,  ^  ),oie  in  it  and  to  have  been  like  that  found  along  with  tho 

^**tLtey  whale.     JMr.  Homo  Druinmond  also  states  that  a  small  piece 

*0od  was  present  in  tho  hole,  which  fitted  it,  but  on  drying,  shrunk 

?*'**ider»bly.     Unfortunately,  these  spccimone  have  been  lost,  and  no 

^/**ings  or  more  dotailod  descriptions  were  ever  apparently  published, 

'*|"''gh  in  some  geological  and  archeological  works  tlioy  have  l>con 

ljj***d,   without  any  authority,  to   have   been   lances   or   harpoons. 

|.*<*ty  years  ago  tho  skeleton  of  another  whalo  was  exposed    at 

^*kl«rood,  Qargunnock,  a  few  miles  to  tho  west  of  Stirling,  and 


-„  upon  the  front  of  its  skull  was  a  portion  of  tho  beam  of  the 
^t'**  of  a  red  deer,  fashioned  into  an  implement  eleven  inches  long, 
^^  six  and  a  half  inches  in  greatest  girth  ;  a  hole  had  been  bored 
"/^^"^b  the  beam,  in  which  was  a  piece  of  wood  one  inch  and  three- 
'^*ter»  long,  apparently  the  remains  of  a  handle.    The  implement 

tf^  8m  more  pikfticulorly  Mr.  Milne  Home's '  Ancient  Wat<>r  Line«,'  Edinburgh, 
^^  and 'The  Baiaed  Bcttchcs  of  the  Fortli  Vnlley  '  by  D.  1).  Morria,  StirliiiK, 
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was  truncated  at  one  end,  and  shaped  so  that  it  could  hure  boen  1 
as  a  hammer,  whilst  the  opposite  end  was  smooth  aud  bevelled  I 
chisel  or  axeshapcd  edgo  forntod  by  the  hard  Gxtcmnl  put  of 
antler.*  There  can  be  do  doubt  that  this  implement  resembled  if 
found  alongside  of  the  Airthrcy  and  Blair  Drnmmond  whales  Ml 
in  the  centurj,  ntid  it  effectnally  disposes  of  the  statement  that  I 
were  lances  or  harpoons.  Dug-out  canoes  have  indeed  been  fo 
imbe<Med  in  the  Carse  clays  at  a  similar  level,  so  that  the  peopi 
that  day  had  discovered  a  means  of  chasing  the  whale  in  the  wl 
one  can,  however,  scarcely  conceive  it  possible  to  mannfactnre  ai 
implement  sufficient  to  penetrate  the  tough  skin  and  blabber  of 
of  these  huge  animalc,  aud  to  hold  it  in  its  efforts  to  escape,  i 
mnch  more  probable  that  the  whale  had  been  stranded  at  the  eli 
the  tide  in  the  shallower  water  near  the  shore,  and  that  the  p^ 
liEul  descended  from  the  neighbouring  hoight<<,  and  ha<l  used  I 
horn  implements,  with  their  chisel-like  edges,  to  flense  the  carcal 
its  load  of  flesh  and  blubber,  and  had  carried  the  spoil  to  I 
respective  habitations.  There  can  be  little  donbt  that  these  id 
ments  rank,  along  with  the  dug-out  canoes,  as  tlie  oldest  relics  t 
with  human  hands  which  have  up  tu  this  time  been  found  in  Scot] 
aud  that  tliey  belong  to  the  earliest  period  of  occupation  by  Neo]| 
man. 

After  the  oscillations  in  the  relative  level  of  land  and  set 
ceased,  and  the  beach  found  at  the  present  day  had  been  fog 
evidence  of  the  presence  of  Neolithic  man  aud  of  mammals,  both 
and  domesticated,  such  as  now  exist  in  Scotland,  becomes  gfll 
multiplied. 

Shallow  caves  or  rock  shelters  situated  in  the  cliff  wliich  ba 
the  esplanade  at  Oban  Bay,  which,  after  being  closed  for  cen^ 
by  a  landslide  from  the  adjacent  height,  had  recently  been  qoil 
into  in  obtaining  stone  for  building  purposes,  were  described  ill 
lecture.!  The  caves  were  as  a  rule  100  yards  inland,  aud  i 
30  feet  or  more  above  the  present  high-water  mark.  They  ha^ 
doubt,  been  fwrraed  by  the  action  of  the  waves  at  the  period  of  ffl( 
tion  of  tUo  25-30  foot  beach,  for  the  floor  of  one  of  the  caves 
covered  by  a  layer  of  gravel  and  pebbles,  which  had  been  wn 
there  whoa  (ho  sea  had  had  access  to  it.  I 

In  these  caves,  bones  representing  fifteen  human  skeletons,! 
women,  and  children,  were  found  ;  also  bones  of  the  Bo9  Umgi^ 
red  and  roo  doer,  pig,  dog,  goat,  badger,  and  otter,  shells  of  eJ 
inoltuscs,  bonos  of  fish  and  claws  of  crabs ;  flint  scrapers,  haiq 
stones,  implements  of  bone  aud  horn  fashioned  into  the  form  of  | 
borers  and  chisel-shaped  instruments.     In  one  cave  several  harpfl 


-! 


*  I  dMcribt-d  this  implement  in  Reports  of  Brituh  Association,  1889,  p- J 
It  has  KobiequeDtly  hetu  floured  in  a  Report  by  Dr.  Munro  in  the  *  PioccmI 

of  the  Society  of  Antiiiunries,'  189G.  I 

t  For  a  detailid  Ofsoription,  see  papers  by  Dr.  Joseph  AndcrcoD  t'^ ' 

AuLbor  in  Proc.  iScot.  S<*r,  .4iuli<junrie«,  l»>9'>, 
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Of  fish  gpean  made  of  the  hnms  of  deer  were  obtained ;  similar  in 
form  to  those  fouud  in  the  Victoria  Cave,  Settle,  in  Kent's  Cavern, 
wd  in  tbe  grotto  of  La  Sladelaiue,  France,  which  in  some  of  these 
imUoc^s  have  been  associated  with  Palsulitbic  objects. 

An  ttcconnt  waa  then  given  uf  the  couBtriiction  and  contents  of  the 
*n»uiU.'ml  horned  ciiirns  in  Caithness  and  the  nortb-weat  of  Scotland, 
fnich  liave  been  so  carefully  investigated  and  described  by  iJr, 
"•^ftlih  Anderson.*  The  pret^ence  of  incinerated  bones  and  of  unbnmt 
■Melons  showed  the  cairns  to  have  been  places  of  iutt-rmeDt,  whilst 
Diot  BhIccs  and  scrapeni,  bone  and  polished  stone  iniplvKents,  and 
•litlloiv  Vessels  of  coarse  clay,  associated  them  with  Neolitliic  man, 
wriously  the  same  race  as  the  builders  of  the  English  long  barrows. 

^^Ume  abounds  in  Scotland,  and  the  polished  stone  implements, 
'Hell  have  been  found  in  every  connty,  in  the  soil  and  near  the 
«aff»w  i/f  the  ground,  are  often  of  largo  size  and  beautifully  ground 
*""  |Hiligli«d.  Flint,  on  the  other  hand,  is  confined  to  a  few  localitie.<;, 
'■tue  island  of  l\[ull  and  limited  areas  in  the  counties  of  Banff  and 
Auenteen.  The  n«xlulca  are  as  a  rule  aninll  in  size,  and  though 
"'^ptod  for  tho  manufacture  of  arrow-hen^ls  and  scraiMjns,  flint  does 
M  HtMnn  to  have  attained  the  same  importance  in  Scotland  an  the  raw 
^••frial  provided  by  nature  for  the  uiaiiufaciuro  of  articles  used  by 
^<^liLhic  man,  as  was  the  case  in  England  and  Ireland. 

AlthoDgh  there  is  ample  evidence  of  tho  nature  of  the  implements 
^  Weapons  manufactured  by  Neolithic  man,  and  of  his  methods  of 
^'tnui.ut  in  rttck  shelters  and  chambered  cairns,  no  traces  of  built 
~**Uiuj»s  which  can  be  ascribed  to  tho  people  of  this  period  have 
wseii  discoveroii.  Doubtless  their  habitations  were  constructed  of 
~**  stoties  and  turf,  and  sun-dried  clay,  or  of  tho  skins  of  animals 
. ''id  ill  tho  chase  spread  over  the  branches  of  trees,  which,  from 
fra^iile  and  destructible  character,  have  not  been  preserved. 

u  the  course  <if  time  stcjnc  and  bono,  readily  j)rocurable,  and  which 

"  "liroctly  provided  by  nature  for  the  us©  of  man,  gave  place  to 

,    '*H»1h  which  required  for  their  manufacture  considerable  skill  and 

■""•ledge.    The  iutroilnction  of  bronze  as  a  substance  out  of  which 

^"''ul  trticles  could  bo  made,  marked  an  important  step  in  humaa 

/^'^'opmeut,  and  oonid  only  tako  place  after  men  bad  learut  by 

?**^»tion  the  ores  of  copi>er  and  tin,  and  by  experiment  the  methods 

I?  "Xtnwting  the  metals  fiom  tliem,  and  the  proportions  in  which 

r'X'hniilii  be  combined  in  the  alloy  in  order  t<^»  secure  the  ncoossary 

r'*'li*ifc    80  far  as  Scotland  is  concerned,  bronzo  must  havo  been 

**liioed  from  without;    its  niauufacture  could  not  have  been  of 


"•tUiri, 


.**'6enon»  dcvoloptnont,  as  the  ores  of  tin  and  cupper  do  not  occur 
[^ortli  brituiu.     Doubtless  it  came  from  tho  southern  part  of  our 
Hd,  and  was  extensively  employed  in  South  Britain  long  before  it 
iwibslituti'd  in  the  north  for  the  more  primitive  materials. 
|M  i*  abundant  information  that  Scotland  had  a  Bronze  Age. 


?  'ScotJaad  in  Tngan  Tinics,'  Eiliuburgb,  1886. 
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Swords,  speare,  bncklere,  braooleto,  rings,  fish  hooks,  axes,  chisels, 

sickles  and  otber  implotnents  made  of  this  metal  have  been  found  incun- 
Bideral)le  numbers.     These  objects  occur  sometimes  singly,  at  otlien 
iu  collectioDB  or  boarils  in  peat  mosses,  or  even  at  the  bott<jm  of  loci 
and  rivers,  or  bnried  in  the  soil  as  if  they  had  been  placed  thcro  witi 
a  view  to  cnnc«alment,  and  then,  through  tho  death  or  removtl 
their  owners,  had  been  lost  sight  of.    In  many  instances  these  weapoU 
and  implements  are  elegant  in  design,  show  great  mechanical  abili 
in  their  coustrnction,  and  are  ornamented  with  mach  taste  and  skill. 
Instances  also  are  not  uncommon  in  which  objects  of  bronze  are  foinJ 
in  tho  sepulchres  of  the  period. 

In  tho  stndy  of  the  Bronze  Age  iu  Scotland  a  want  is  experienced 
similar  to  that  felt  in  a  review  of  tho  Neolithic  period.  There  are  no 
buildings  which  can  be  distinctly  regarded  as  dwclling-plaoes  for  tbe 
men  of  this  time.  With  them,  however,  as  in  the  polished  Stone  Ag^ 
there  is  evidence  of  th©  mode  iu  which  they  disposed  of  their  (li«l 
friends  and  relatives.  Interments  which  there  are  good  grtiunils  ("t 
associating  with  these  people,  have  been  exposed  in  tlie  funuation  ul 
roads  and  railways,  and  in  agrictilturul  o[)erations.  Where  the  >ur- 
face  of  tbe  ground  has  not  been  cultivated  or  otherwise  distortxNt 
in  almost  every  county  tumuli,  mounds,  hilloclcs  and  cairns  oaur, 
the  exploration  of  which  has  iu  many  cases  yielded  iiitiirc8tiugr>>-'''' 
In  no  instance,  however,  have  chambered  cairns,  divided  into  cuiupw^' 
mcnts,  and  possessiDg  an  entrance  passage,  been  found  Rssociated  nitl> 
articles  made  of  bronze.  The  sepulchral  arrangements  of  tho  [tcriod 
jHjsseBSed  a  greater  simplicity  thou  is  shown  iu  the  chainberw 
cairn. 

The  interments  in  the  Bronze  Age  were  sometimes  that  of  a  aingb 
individual  iu  a  knoll  or  mound,  or  under  a  cairn  artificially  ooo- 
structed,  and  now  overgrown  with  grass,  heather  and  whin  bushes, OTi 
as  is  not  uncommon,  iu  the  collection  of  sand  or  gravel  near  the  m 
shore,  or  on  a  river  bank,  or  in  the  moraine  of  some  long-vaoi«l>«d 
glacier.  At  other  times,  in  similar  localities,  two  to  six  intenneuti 
bad  been  nmde  as  if  in  a  family  buiyiug  ground.  At  others  the  iotcr 
menta  were  much  more  numerous,  and  represented  doabtless  tbe 
cemetery  of  a  tribe  or  clan ;  one  of  the  best  known  of  these  »»* 
observed  some  years  ago  at  Law  Park,  near  St.  Andrews,  iu  vhcn 
about  twenty  interments  were  recognised.  In  another  at  All 
twenty-two  separate  interments  wore  exposed.  Quito  recently, 
mediately  to  the  cast  of  Edinburgh,  in  the  districts  now  kui>»'u 
Invcresk  and  Musselburgh,  not  loss  than  fifty  interments  of  lii'* 
period  have  been  broaght  to  light,  in  connection  with  b<iil<hi>f 
operations,  which  implies  that  theu,  as  hdw,  this  part  of  the  counWT 
was  settled  and  had  a  considerable  population. 

Two  very  distinct  types  of  iuteruiont  prevoilcd,  viz.  Cremitioii) 
with,  or  without  cinerary  urns ;  and  Iuhum:\tion,  the  unbumt 
being  enclosed  in  a  stone  cist  or  coffin.     From  an  analysis  of  1 
localities  in  Scotland  of  burials  « Inch  may  be  associated  with  ' 
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Btonze  Age,*  and  which  inclmled  about  400  distinct  interments,  it 
iroiild  appear  that  in  fifty-one  of  these  locnlities  the  bodies  had  all 
MBD  cremated  ;  in  sixty  tbey  had  been  buriod  in  stone  cists ;    in 
Uteen  tbe  same  mound  or  cemetery  famished  examploa  of  both  kinds 
Mpnlchre.  and  in  the  rest  tbe  kind  of  iutermeut  was  not  precisely 
led.     These  diversities  did  not  express  trilml  differences,  but 
to  have  prevailed  generally  thronghout  Scotland.     Both  cre- 
ition  and  inhumation  are  found  in  counties  so  remote  from  each 
er  u  Sntberland  in  tbe  north  and  Wigtown  in  the  south,  in  Fife 
the  Lotbians  on  the  east,  and  in  Argyll  and  tbe  distant  Hebrides 
tie  west,  as  well  as  in  the  intermediate  districts. 
Tbe  cremation  bad  been   effected    by   wood  fire«,  for  iu  many 
tocilJties  cbarc<»al  has  been  fonnd  in  considerable  quantity  at  tbe 
pU«  of  intennent.     The  heat  generated  was  sufficient  to  reduce  the 
"jrfj  to  ashes,  and  to  bum  the  organic  matter  out  of  the  bones,  which 
I'oll  iuto  greyish-white  fragments,  often  curiously  cracked  and  cou- 
rted, which  wore  not  very  friable.      They  were  tlien  collected  and 
ly  placed  in  an  urn  of  a  form  and  size  which  we  now  call  cinerary, 
a  bank  of  sand  or  gravel  was  convenient,  a  bole  three  or  four 
dtep  was  made  and  the  um  lodged  in  it.      Sometimes  the  um 
yA  oTtfct  and  u  flat  stone  was  placed  across  tbe  mouth  before  tbe 
lewks  fillud  in  with  sand  and  earth  ;  at  others  a  bed  of  cunii>acted 
rtL,  or  of  small  stones,  or  of  a  flat  stone,  was  ma^le  at  the  bottom 
tbe  bolt),  and  tbe  urn,  with  its  contents,  was  inverted.     In  some 
IH  tii«  oru  was  protected  by  loose  Bt<^nes  arranged  around  it.     la 
fiawij  exceptional  instances,  it  may  be  perhaps  of  a  tribal  cbief- 
■t.  •  sioall  stone  cist  was  built  to  enclose  the  urn,  and  eruu  a  cnira 
(tonrs  was  piled  above  and  around  to  protect  it  and  to  mark  the 

Cremated  interments  not  contained  in  urns  have  been  recorded  in 
few  inatanccB,  and  in  them  tbe  surrounding  sand  or  gravel  baa 
tiDy  hoeu  discoloured  from  the  blackened  remains  and  charcoal 
•Ting  to  some  extent  l>ocome  diffused  through  it. 
The  largest  examples  of  cinerary  urns  were  from  12  to  10  inobes 
height,  with  a  flat  narrow  bottom,  and  10  to  12  inobes  wide 
the  month.  About  one-third  tbe  distance  below  the  mimtb  the 
■wdird  ntit  to  its  widest  diameter,  and  was  surrouodud  by  one 
:-i,  between  which  and  the  mouth  the  outer  surface 
t.'d  mtb  lines  which  ran  horizontally,  or  vertically, 
y;  sometimes  they  intersected  and  formed  a  chevron  or  a 
l-ahaped  pattern,  liolow  the  mouldings,  the  surface  was 
pAttc>m,  though  sometimes  raised  into  an  additional  simple 
aiding. 

inhumation  of  an  unbumt  body  was  decided  on,  a  mde 

'  *  Meal  nf  lhi««  «i«  iwToHtxl  in  tlie  *  Archinologicn  Scotica,"  tlie  '  Proeewlinj;*  of 
iHeoUlati  Sord^tynf  Aiitii|uaric«.'an<iDr.  Jnocph  Anderson's 'Snntlnnd  in  Pagan 
*iiii«l  ethora,  iu  tuo  nutlior'*  note  bcwikti.  lutvo  uvt  yet  boon  puliUshed. 
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cist  or  coffia,  formed  of  undrossod  flattened  Ftones,  was  built  for  its 
reception.  As  a  rule  the  sides  and  ends  of  the  cist  were  formed  ewrli 
of  a  single  slab  of  sandstone,  schist,  gneiss,  granite  or  cither  fiU»iie« 
provided  by  the  rock  in  the  neighbourhood  ;  but  in  some  insUiicctof 
a  stone  of  a  diSiront  character  from  the  adjoining  rock«.  »nil 
obviously  brought  from  a  distance.  The  stones  were  set  on  «ilj' '.r.' 
supported  a  greut  sluh,  which  being  liiid  hurizontally  formed  t'.K  1:1 
or  cover  of  the  cist,  and  which  was  much  thicker  and  heavier  tliiu 
the  side  and  end  stones  ;  sometimes,  as  if  for  additional  |irolt!Cti»n,  • 
second  massive  slab  was  placed  on  the  top  of  the  pmjjer  envor,  Tbo 
iloor  of  the  cist  was  formed,  when  the  earth  was  shallow,  of  tliuimtre 
rock,  and  at  other  timf-s  nf  compactt<d  earth,  or  a  lay«*  of  i)ebblo*.  <" 
of  flat  stones.  Usually  the  stone  walls  and  the  cover  of  thf  ci^itwi" 
simply  in  apposition,  but  sometimes  they  were  cenienteil  ti>};ether  witli 
clay.  lu  some  cists  exposed  a  few  years  ago  on  the  farm  of  Couslui^ 
near  Dalkeith,  the  peculiarity  was  observed  of  the  cist  being  dividca 
in  its  long  direction  into  two  by  a  stone  slab  down  the  middle. 

TliG  cists  were  oblong,  the  length  exceeding  the  brwultL,  wa 
although  they  varied  in  size,  those  for  adiiits  being  larger  tlinn  for 
children,  they  were  always  shorter  than  would  have  been  required  f'' 
u  body  to  be  extended  at  full  length.  As  the  end  stones  were  usually 
set  within  the  extremities  of  the  side  stones,  the  iiiternol  meafinreiufit 
of  length  was  some  inches  less  than  the  external.  The  average  liruieB- 
sious  may  be  given  for  tbo  interior  about  4  feet  iu  longtii,  2  f«t  i" 
breadth  and  2  feet  in  depth.  The  cover  slab  was  much  larger  bow 
in  length  and  breadth,  as  it  overlnjvped  both  the  sides  and  enils. 

These  cist*  remind  one  in  their  general  form  and  plan,  Inlnn' 
much  smaller  scale,  both  us  regards  the  size  of  the  enclosed  spac«iiB<> 
the  magnitude  of  tbo  stones,  of  the  dolmens  so  frequent  m  Britt»ny. 
As  survivals  in  modem  times  we  may  point  to  the  empty  stone  U«* 
on  the  cover  stone  of  which  an  iuscriptiuu  is  iticised,  to  be  seen  in*" 
many  country  churehyanlH,  built  on  the  ground  8iii>erficial  to  ihep' 
iu  which  the  body  iu  its  wooden  coffiu  has  been  inhumed. 

Owing  to  the  shortness  of  the  cist  the  body  could  not  beeitenW 
at  full  length,  but  was  laid  upon  its  side,  with  the  clbo>v8  bent,  6otb»t 
the  hands  were  close  to  tho  face  ;  tbo  hijis  aod  knoe  joints  were  J^^ 
bent  so  that  the  knees  were  in  front  of  tho  body.  ^M 

Usually  only  a  single  skeleton  has  been  found  in  a  cist,  cithef^* 
man  or  a  woman  as  the  case  may  be.     Sometimes  two  skelettms  b*" 
been  seen,  at  times  a  man's  and  a  woman's,  doubtUss  husbitud  and  A'>i<''i 
iu  others  the  second  skeleton  htia  been  that  of  a  child.     Sometimrt  tt* 
cist  was  below  tho  average  in  size,  and  contained  only  the  skcl  : 
a  child  or  young   person.      Such   examples  throw  light  n\' 
family  relations  of  the  people  of  this  jKiriod.     They  show  tli:i'>  ""'.* 
desired  to  preserve  the  associations  of  kinsfolk  even  after  dcalb;  *^ 
wheu  the  cist  contained  the  remains  only  of  a  child  it  was  coostr***' 
with  the  same  care  as  if  it  had  been  the  tomb  of  a  chief. 

When  cremated  bodies  are  found  associated  with  stone  cists  to''' 
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ocinetory,  the  ciner&rj  nms  in  which  the  Bshes  were  cnstomarily 

ifKiHited  lie  oatside  the  cists,  and  in  quite  independent  excavations 

tiie  B()il^  bat  in  snch  close  proximity  as  to  show  that  they  belonged 

tbe  nme  period.    In  two  instances  short  cists  have  been  opened,  in 

lich,  alongside  of  tbo  skeleton  of  an  anbarnt  body  were  cremated 

bonea,  not  C4;intained  in  a  cinerary  urn,  but  scattered  on  the 

of  the  cist,  which  oonclusivuly  prove  that  both  cremation  and 

nmation  wore  sometimes  in  practice  at  the  same  interment. 

One  may  now  inquire  into  the  reason  why  cinerary  unis,  with 

'r  contained  ashes,  and  short  cists,  enclosing  bodies  which  had  been 

mi  in  a  bent  or  stooping  attitude,  shonld  be  associated  with  the  men 

tbe  Bronze  Ago.     The  first  and  most  important  is  the  presence  of 

jcot*  made  of  bronze.    In  the  IH  localities  under  analysis  in  which 

n«nociitfl  ascribed  to  the  Bronze  Age  have  been  examined,  bronze 

IticlM  were  foaud  in  34  directly  associated  with  the  interments.     In 

Ibr  of  these  the  bronze  was  along  with  objects  made  of  gold.     In 

ITcti  otLcr  interments  of  the  same  character  gold  ornaments  without 

Hiazo  were  prescmt.   The  men  of  this  period  were,  therefore,  workers 

>  gold  iUm,  and  as  it  has  been,  and  indeed  6till  can  be,  mined  in 

Mitud.  it  is  ndt  unlikely  that  the  ornamouts  bad  been  wrought 

t>ni  Dative  metal.     Additiuiial  proof  that  the  burials  in  short  cists, 

fA  tftor  cremation  in  cinerary  nrns,   both   belougod   to  the  same 

Wiixi,  aud  were  practised  by  the  same  people,  is  furnished  by  the 

Iwenco  of  articles  of  bronze  and  g<dd  in  botii  groups  of  interment. 

Hat,  in  addition  to  metallic  objects,  the  graves  sometimes  con- 

lituxl  olbtT  inipU'mnnta  aud  ornaments.     In  many  localities  articles 

lilof  fliut,  stone,  or  bone  and  jet  beads  were  associated  with  bronze. 

plnn  flints  in  the  form  of  chips,  knives,  arrow  licada  and  spear 

;  stone  implements   in   the  form  of  whetstones  aud  hammers; 

w  and  jet  ornaments  and  bone  pins  were  foaud  in  short  ci^ts,  and 

»•  of  tbeau  articles  also  in  cremation  interments,  unaccompanied 

kAttontion  has  b(*n  culled  by  Dr.  Joseph  Anderson  to  the  character 
tkfl  hn>uze  objects  osiially  ahSuciatod  with  those  burials.*     For  the 
Int  |«rt  they  liave  been  thin  blades,  Icaf-liko  or  triangular  in  form, 
k<l  vitlicr  with  or  without  a  tang  for  the  attachment  of  a  handle, 
no  their  6ha|>e  they  might  have  been  used  as  spear-heads,  daggers, 
'  M.     Not  nnfrequcntly  the  surfaces  of  the  blade  wore  orna- 
with    a    punctated    or  incised    pattern.      Sometimes  bronze 
and  bracelets  have  been  obtained  from  these  interments. 
iwuver,  be  stated  that  the  bronze  articles  and  ornaments 
g-il'l  found   in  association  with  the  burials  are  of  a  more  simple 
tnr.  itttd    present  less  variety  in  f(»rm,  purpose  and  decoration 
I  have  been  got  in  lioanls  in  various  parts  of  Scotland, 
herefore,  as  if  the  people  of  this  period,  even  if  they 
m  fouvnaion  of  such  finished  and  beautifally  decorated  swords. 
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buoklere,  axes  and  bronze  vessels  ae  bave  been  got  in  tbe  houds  jort 
referred  to,  did  not  deposit  them  in  the  graves  of  their  decevM^ 
iricuda  and  relatives.  It  may  be,  however,  tliat  the  simpler  articlee 
found  in  tbe  iutennents  represent  a  period  in  the  Bronxe  Age  eai\iet 
than  that  in  which  the  art  of  making  the  more  elaborate  articles  lu^ 
been  acquired,  when  perhaps  the  custota  of  depositing  grave  god^ 
had  been  mure  or  less  departed  from. 

Cinerary  urns  are  not  the  only  utensils  formed  of  baked  clay  J* 
which  the  term  urn  has  boon  applied,  and  arcLajologists  recogni«  bf 
the  names  of  "  incense  cups,  "  food  vessels,"  and  "  drinking  cnpi 
three  other  varieties. 

The  examples  of  so-called  incense  cups  are  not  numerous  u 
Bootlnnd  ;  they  were  associated  with  cremation  iutorments  and  law 
usually  been  contained  in  cinerary  urns  ;  they  are  the  smallost  of  ill 
the  varieties  of  urn,  and  are  as  a  rule  from  2  to  3  inches  high,  u^ 
aboat  3  inches  wide.  In  one  specimen  from  Gt-ntxih,  Ayrshire,  ti» 
cap  possessed  a  movable  lid.  Not  unfrequently  the  outer  surface  wtl 
patterned  with  horizontal,  vertical,  and  zig-zag  arrangements  of  linMi 
In  a  few  cases  the  sides  were  perforated  as  if  to  allow  the  escape  ol 
fnmes,  and  it  is  probably  from  this  chantctor,  as  well  as  from  tkeb 
small  size  which  fitted  them  for  being  easily  carried  in  the  hand,  Hal 
they  have  been  termed  incense  cups.  Tbe  burning  of  incense  would 
however,  imply,  on  the  part  of  the  people  of  the  Bronze  Age, 
possession  of  fragrant  gums  and  resins  such  as  are  not  indigonoi 
Britain,  and  which  the  ancient  Caledonians  wore  not  at  all  likol; 
be  in  a  position  to  procure.  In  most  instances  the  contents  of  iheb 
cups  were  not  preserved  by  the  finders.  An  example  which  was  dis 
covered  in  lH.57  at  Craig  Dhu,  North  Qneensferry,  covered  bf  / 
larger  urn,  and  about  the  size  of  a  teacup,  was  filled  with  cala|B 
bunian  bones ;  the  sjiecimeu  from  Genoch,  found  a  number  of  ]^ 
ago  by  Dr.  James  Mucdonald,  of  Ayr,  contjiined  the  burned  boM 
and  ashes  of  a  child  in  its  tifth  or  sixth  year.  Of  the  confiictiD 
theories  as  to  the  pur^wBC  to  which  these  cups  were  applied,  th 
view  that,  like  the  largo  urns  with  which  they  were  associat<:d,  tli^ 
were  cineraiy,  and  wore  intended  for  tlie  reception  of  tbe  ashes 
infant  or  young  child,  seems  the  most  probablo. 

NumorouLS  examplDs  of  the  variety  of  urn  termed  "  food  vessel " 
been  found  in  Scotland,  and  "drinking  cups,"  although  not  quil 
numerous, are  fairly  represented.  In  the  Idi  localities  under  an 
the  bowl-shaj>ed  food  urns  were  found  in  31,  drinking  cups 
and  in  seven  instances  the  size  and  foi-m  o{  tbe  urn  is  not  state<i  mU 
BuSicient  precision.  With  a  few  exceptions,  in  which  the  chancie 
of  the  burial  had  not  been  fully  described,  the  urns  were  contained  u 
short  cists,  in  which  also  the  skeleton  of  on  unburnt  body  in  the 
or  contracted  iK>sition,  was  lying.  In  several  instances  it  is 
that  tbe  urn,  either  food  or  drinking  vessel,  contained  black  d 
earth,  or  greasy  matter,  but  burnt  bones  are  never  said  to  ooostitafa 
their  contents.     Not  unfrequently,  although  this  is  not  an  in 
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nlc,  the  nm  was  placed  in  prozimitj  to  the  head  and  raised  hands  of 
the  skeleton. 

Tliise  varieties  of  nm  are  by  no  means  invariably  present  in  short 

cirte.    In  twenty-five  localities  where  this  kind  of  grave  was  seen, 

"'«^D  18  uo  record  of  cither  form  of  urn  being  present.     It  is  obvious 

Micruforo  that,  though  associated  with  so  many  inhumation  interments, 

tlioy  wore   not   regarded    as   necessary   accompaniments,  and    they 

ol»TioiuIy  disehargcd  in  the  minds  of  the  people  of  the  time  a  different 

fonction  from  that  of  cinerary  urns.     The  term  food-urns  applied  to 

w  bowl-ehaped  variety  is  probably  appropriate,  as  indicating  that 

*^'ble  snbstances  were  placed  in  them,  in  the  Iwlief  that  food  should 

o«  provided  for  the  two  of  the  corpse.     It  is  questionable,  however,  if 

H«>  taller  variety  were  drinking  cups,  as  the  iinglazod  clay  would  not 

ti  them  for  the  rettmtion  of  liquids  for  any  length  of  time.     Their 

JKWUice  in  the  stone  cists,  along  with,  in  some  instances,  impleuients 

Od  weapons,  would  point  to  the  belief,  in  the  minds  of  those  procfcis- 

iag  tills  form  of  interment,   in  a  resurrection  of  the  body,  and  a 

iwtutation  to  the  wants  and  habits  of  tho  previous  life.     It  may  be 

that  placing  the  body  in  the  crouching  jmsition,  lying  on  one  side, 

«aa  ragardod  as  the  attitude  best  fitted,  when  the  proper  time  came, 

I  to  eHftble  it  to  spring  into  the  erect  position  and  assume  an  active 

KMe  of  existence.     The  practice  of  cremation,  however,  to  an  almost 

(aqnal  extent  as  inhumation,  by  people  of  the  same  period,  shows  that 
they  nuty  not  all  have  shareil  in  the  belief  in  a  corporeal  resurrection. 
But  it  sbould  not  be  forgotten  that,  even  in  many  cremation  inter- 
BMOt*.  blades  and  other  objects  made  of  bronze  have  been  found  along 
vith  tho  burnt  bonos  and  cinerary  nrus,  as  if  for  use  in  a  future  life. 
The  association    of  bronze   objects,  both    with   short  cists   and 
einerary  urns,  establishes  these  forms  of  interment  as  practised  at  a 
|timo  when  bronze  was  the  characteristic  metal  used  in  many  purposes 
life.     Tho  crouching  attitude  of  the  dead  body,  the   contracted 
and  the  varietiea  of  nms  already  described,  are  therefore  to  be 
led  ae  eqnally  characteristic  of  this  period,  even  if  bronze  is  not 
found  in  a  particular  instance  associated  with  the  interment,  and  this 
view  is  generally  held  by  archaBologists  in  Scotland. 

In  a  preceding  paragraph  implements  and  weapons  made  of  stono, 

flint  and  bone  were  referred  to  as  having  been  sometimes  associated 

with  bronze,  and  also  of  similar  objects  having  been  found  in  graves, 

in  which,  though  obviriusly  of  the  same  class  and  period,  no  article 

made  of  metal  was  observed.     Such  an  association  proves  that  there 

no  sharp  line  of  demarcation  between  tho  employment  of  the 

aoru  simple  substances  used  by  Neolithic  man  in  the  manufacture  of 

lents  and  weapons,  and  tho  use  of  bronze  for  similar  purposes. 

I  two  periods  undoubtedly  overlapped.     It  has  boon  customary  to 

ktd  tbu  overlapping  as  if  bronze-using  man  had  contixmed  for  a 

pviod  to  employ  the  same  substances  in  making  useful  articles  as  did 

;  liiii  ***     '    '  '     predecessors;  that  time  was  required  before  the  more 

[onst!  ,  imported  from    foreign  sources,  replaced  tho    native 
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material^  and  that  consequently  both  groups  of  objects  became 
oiatcd  in  tLe  aamo  grave. 

Additional  light  is  thrown  on  the  mixtore  of  obj<M;tfl  ropreeentiiig 
different  stages  of  culture  in  tho  same  interment  bj  a  collection  oif 
goods  from  the  grave  of  an  aboriginal  Australian,  boried  about  &hj 
years  ago,  recently  brought  under  my  notice  by  Dr.  R.  Broom.  Alon^ 
with  the  skeleton  were  found  a  clay  pipo,  an  iron  spoon,  the  remains 
of  a  rusted  pannikin,  tho  handle  of  a  pocket-knife,  and  a  larg« 
piece  of  flint.  The  handle  of  the  knife,  with  its  steel  back,  baJ 
doubtless  been  used  aluDg  with  the  flint  fur  the  pur]>08e  of  obtainin;; 
fire,  as  in  Neolithic  times  a  similar  office  was  discharged  by  flint  bqiI 
a  nodule  of  pyrites.  These  accompaniments  of  the  Australian  inter- 
mcuts  show  that  men  in  a  lower  grade  of  culture  and  intellectual 
power  utilise,  as  opportunity  offers,  objects  representing  a  inuch 
higher  civilisation.  It  is  possible,  therefore,  that  some  of  the  mix«d 
interments  ascribed  to  the  Bronze  Age  may  be  tho  graves  of  Neolithio 
men  who,  in  conjunction  with  articles  of  their  own  manufacture,  had 
employed  the  material  introduced  by  a  bronze-using  race,  with  whom 
they  had  been  brought  in  contact,  and  whose  usages  they  had  mom 
or  less  imitated. 

That  the  inhabitants  of  prehistoric  Scotland  were  not  ft  homo- 
geneous people,  but  oxliibited  different  types  in  their  physical  con- 
figuration, so  as  to  justify  the  conclusion  that  they  were  not  all  of  the 
same  race,  has  long  been  Rt;cei)U{l  by  archuiologists.  The  fint 
observer  who  made  a  definite  statement,  based  on  anatomical  data,  was 
the  late  Sir  Daniel  Wils(in,  in  his  well-known  '  Prehistoric  Annals  of 
Scotland.'  Whilst  admitting  that  tho  material  at  his  disposal  wu 
scanty,  he  thought  that  he  was  justified  in  stating  that  the  primitive 
race  in  Scotland  possessed  an  elongate*!  dolichocephalic  betide  which 
he  termed  hoatH«ha]ied,  or  kumheccphtilic.  This  race,  he  said,  was 
succeeded  bv  a  people  with  shorter  and  wider  skulls,  which  possessed 
brachycoplmlic  proportions.  Further,  he  cousidered  that  both  theea 
raoea  preceded  the  intrusion  of  the  Colt®  into  Scotland.  But  the 
evidence  is  by  no  means  SAtisfactory  that  the  interments  from  which 
Wilson  obtained  the  long  kiimbecephalic  -skulls  were  of  .ui  older  date 
than  those  which  yielded  tho  brachycephalic  specimens.  So  far, 
therefore,  as  rests  npon  these  data,  one  eaunot  consider  it  as  prorc<d 
that  a  long-headed  race  preceded  a  brood-headed  race  in  Scotland,  aud 
that  both  were  antecedent  to  the  Celtas. 

Evidence  fnna  other  quarters  must  be  looked  for,  especially  lironi 
the  eiteiiBive  researches  of  Thumam,  Greenwell,  Uolkston  and  olhor 
archffiologists  into  prehistoric  interments  in  England ;  and  by  tb« 
btudy  of  the  material  which  has  aei-umulatcd  in  Scotland  since  tli> 
pablicatiou  of  Sir  Daniel  Wilson's  '  Prehistoric  Annals,' 

The  remains  of  prehistoric  man  in  England  subsequent  to  tli^ 
Palroolithic  Ago  have  for  tho  most  part  been  found  in  mounds  and . 
tumuli,  some  of  which  were  very  elongated  in  form,  others  mor 
rounded,  so  that  they  have  been  divide<i  into  the  two  groups  of  LoQ^ 
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and  Bound  barrovs.  There  is  a  conaensaB  of  opinion  that  the  long 
barrows  were  oonBtracted  by  a  race  which  inhabited  England  prior  to 
the  oonctmction  of  the  round  barrows.  The  long  barrows  are  indeed 
the  most  ancient  sepnlchral  monnments  in  South  Britain ;  obviously 
tbey  were  erected  before  the  nso  of  bronze  or  other  metal  became 
known  to  the  people.  They  belonged,  therefore,  to  the  Neolithic  Age, 
as  is  testified  oy  the  implements  and  weapons  found  in  them  being 
formed  of  stone,  flint,  bono  and  horn,  and  by  the  absence  of  metals. 
They  are  not  widely  distributed  in  England,  but  are  found  especially 
in  a  few  counties  in  the  north,  as  Yorkshire  and  Westmorland,  and 
ia  the  Western  counties  in  the  south.  The  builders  of  these  barrows 
in  their  interments  practised  both  inhomation  and  cremation^  but  the 
boiDt  bones  were  never  found  in  urns. 

The  study  of  the  human  remains  obtained  from  the  English  long 
barrows  by  Drs.  Thumam  and  Rolleston  proves  that  the  crania  were 
distinctly  dolichocephalic,  and  that  the  height  was  greater  than  the 
breadth.  Those  measured  by  Dr.  Thumam  gave  a  mean  length- 
breadth  index  71*4,  whilst  Dr.  HoUeston's  series  were  72-6. 

The  round  barrows  were  constructed  by  a  bronze-using  people. 
The  crania  obtained  in  them  were,  as  a  rule,  brachycophalic.  Of 
Iwen^five  skulls  measured  by  Dr.  Tburaam  seventeen  had  the 
length-breadth  index  80  and  upwards,  and  in  six  of  these  the  index 
me  86  and  upwards.  Only  four  were  dolichocephalic,  whilst  in 
time  the  index  ranged  from  77  to  79.  In  the  brachy cephalic  skulls 
the  height  waa  lees  than  the  breadth. 

As  similar  physical  conditions  prevailed  both  in  England  and 
Scotland  during  the  Polished  Btone  and  Bronze  periods,  there  is  a 
■trong  presumption  that  the  two  races  had,  in  succession  to  each  other, 
migr^ed  from  South  to  North  Britain.  Unfortunately  very  few 
akoJls  hare  been  preserved  which  can  with  certainty  bo  ascribed  to 
Neolithic  man  in  Scotland,  but  those  that  have  been  examined  from 
Papa  Westray,  the  cairn  of  Get  and  Oban,  are  dolichocephalic,  and 
dcwivtleee  of  the  same  race  as  the  builders  of  the  English  long 
barrows. 

Serenleen  skulls  from  interments  belonging  to  the  Bronze  period 
been  examined  by  tho  author.     The  mean  length-breadth  index 

twelre  was  81  '4,  and  the  highest  index  was  88*  ().     In  each  skull 

beigfat  was  loss  than  tho  breadth.     In  the  other  fivo  specimens 

index  was  74  ;  tho  majority,  therefore,  were  brachycophalic. 

ealjT  one  specimen  was  the  jaw  prognathic ;  the  nose  was  almost 

long  and  narrow ;  the  upper  border  of  the  orbit  wan,  as  a  rule, 

':^  and  the  height  of  the  orbit  was  materially  less  than  the 

The  capacity  of  the  cranium  in  three  men  ranged  from  1380 

1A56  tJO. ;  the  mean  being  146*2  c.c.     In  stature  tho  Bronze  men 

■omewhat  taller  than  Neolithic  men.     Tho  thigh  bones  of  the 

Age  skeletons  gave  a  mean  platynicric  index  7o-l,  materially 

Velpw  the  average  of  81-8  obtained  by  Dr.  Hepburn  from  measure- 

of  the  femora  of  modem   Soots.      The  tibin  of  the  same 
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skeletons  gave  a  mean  platyknemic  index  68 '  3 ;  intermediate,  there 
foro,  between  their  Neolithic  predecessors  and  the  present  inh»bitMl» 
of  Britain.  Many  of  the  tibiea  also  possessed  a  retroverted  directioo 
of  the  head  of  the  bone;  but  the  plane  of  the  condylar  articaltr 
Burfacee  was  not  thereby  affected,  so  that  the  backward  direction  of 
the  head  exorcised  no  adverse  infinence  on  the  asaomption  of  tb* 
erect  attitnde. 

Whilst  in  England  the  Bronze  Age  round  barrows  are  nnmenil 
and  the  bariala  in  short  cists  are  comparatively  rare,  in  Scotlandth* 
oppouite  prevails.  Whilst  part  of  Dr.  Thurnam's  aphorism,  viz.  •'  long 
Inrrows,  long  skalls,"  applies  to  both  countries ;  the  remaining  put, 
"  short  barrows,  short  aknlle,"  slioold  bo  modified  in  Scotland  to  "  abort 
cists,  short  or  round  ukulls." 

The  presence  of  dolichocephalic  skulls  in  the  interments  of  lli« 
Bronze  Age  shows  that  the  Neolithic  people  had  commingled  irithib* 
brachyceplialic  race.  Similarly  the  Bronze  men,  tboagh  subjcc*  to 
Bucceesivo  invasions  by  llomans,  Angles,  and  Scandinavians,  b»Tt 
pereistod  as  a  constituent  element  of  the  people  of  Great  Briuiit 
The  author  has  found  a  strong  brachycephalic  admixtore  in  tlw 
crania  of  modem  Scote,  in  Fife,  the  Lothians,  Peebles  and  u  fa 
north  as  Shetland.  In  116  specimens  measured,  29,  i.e.  one-qturter, 
hod  a  length- breadth  index  80  and  upwards,  and  in  five  of  tbett 
tho  index  was  more  than  85. 

The  qnestion  has  been  much  discnssed  whether  the  people  of  llx 
Polished  Stone  Age  were  descended  from  the  men  of  the  Badar  Stool 
Ago,  or  were  Be{)arated  from  them  by  a  distinct  interval  of  time.  Th« 
latter  view  has  been  supported  by  Professor  Boyd  Dawkins,  who  con- 
tends that  there  is  a  great  zoological  break  between  the  fknua  of  tilt 
Palroolithic,  Pleistocene  period  and  that  of  the  Neolithic  Age.aaJtW 
the  two  periods  are  separated  from  each  other  by  a  revolntioD 
climate,  geography  and  animal  life.* 

Undoubtedly  many  large  chnracteristic  mammals  of  the  FaleoUl 
fauna  had  entirely  disappeared  from  Britain  and  western  Europe, 
some  nine  or  ten  species,  as  the  otter,  wolf,  wild  cut,  wild  boar,  fii^' 
roe,  uruB  and  horse,  were  continued  into  the  Neolithic  period;  ti 
which  time  the  dog,  small  ox,  pig,  goat  and  perhaps  the  thti'f,  < 
IK  shuu'i)  by  their  osseous  remains,  were  also  naturalised  in  llri' 
The  continuity  of  our  island  with  the  Continent  by  iutemndi 
land,  which  existed  during  Palscolithic  times,  also  became 
and  a  genial  tempcrnto  climate  replaced  more  or  leas  arctic  conditi 

Man,   however,   jionse-sses  a   power  of   accommodation,  and  rf 
adapting  Limsolf  to  chauges  in  his   environment,  aaoh  **  ^  ''^ 
possessed  by  a  mere  animal.     The  locus  of  an  animal  is  regi^si*" 
by  the  climate  and  the  nature  of  the  food,  so  that  a  change  of  clii*^'^ 
which  wonid  destroy  the  special  food  on  which  an  animal  livec,*)*" 


*  Cave  Htmtlng  and  Jonmal  of  Anthropological  Institute,  vol.  xxiO.  f^  j 
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to  the  eztinetion  of  the  animal  in  that  locality.  Mao,  on  the 
hand,  is  omniToroaa,  and  can  sastaia  hiniRelf  alike  on  the  flesh 
8,  whales  and  bears  in  the  Arctic  circle,  and  on  the  fruits 
icb  ripen  under  a  tropical  snn.  Man  can  produce  fire  to  cook  his 
fool  and  to  protect  himself  from  cold,  and  can  also  manufacture 
clotliing  when  necessary.  Paleolithic  roan  has  left  evidence  tbat  he 
ha^  Iho  capability  to  improve,  for  the  oave  men  were  undoubtedly  in 
ad'vauoe  of  the  men  who  ma<le  the  flint  implements  found  in  the  river 
driflg.  The  capacity  of  the  few  crania  of  Palaeolithic  man  which 
h^ve  been  preserved  is  qnito  equal  to,  and  in  some  cases  superior  to 
\  of  modem  sarages.  So  fur  as  regards  the  implements  which 
bannfactured  and  employed.  Neolithic  man  showed  no  material 
Hviujoe  over  the  Palteolithic  cave  dweller. 

The  association  of  the  bones  of  domestic  mammals,  which  were 

't  present  in  PalsBolithic  strata,  along  with  the  remains  of  Neolithic 

u>,  prorcfl  that  additional  species  had  been  introduced  into  Western 

Eurojie  it  a  particular  period,  probably  by  another  race  which  had 

li^tgnvted  northward  and  westward;  but  it  by  no  means  follows  that 

<  fcloolitliic  man  had  of  necessity  disappeared  prior  to  this  migration, 

•od  that  when  Neolithic  man  re«ched  Western  Europe  he  found  it,  as 

^gvdH  his  own  siiecies,  a  desolate  solitude.    How  then  did  Neolithic 

"*"  with  his  associated  animals  find  his  way  into  Britain  ? 

Wieit  whilst  the  land  remained,  which  connoctod  Britain  with  the 
^tisent  in  interglacial  times,  and  along  which  Paleolithic  man  had 
™elled,  or  wos  it  at  some  subsequent  period  after  the  formation  of 
'•"^rmediato  arms  of  the  sea  ?  If  the  latter,  then  the  further  question 
•^"o*,  how  was  the  transit  effected  ?  Neolithic  man,  so  far  as  is  known, 
^  "0  other  means  of  conveyance  by  water  than  was  atYorded  by  a  canoe 
"•jout  of  the  stem  of  a  tree.  Although  such  rude  boats  might  in  calm 
*««ther  servo  as  the  means  of  transporting  a  few  individuals  across 
•  iTer  or  narrow  strait  from  one  shore  to  the  other,  they  can  scarcely 
•'*'«g«Tded  as  fitted  for  an  extensive  migration  of  jHjopIe ;  still  loss 
^"Boanji  of  conveying  their  pigs,  dogs,  goats  and  oxon.  llenoe  one 
"  '*a  to  the  hypothesis  that,  after  the  sea  had  submerged  the  inter- 
■••iiilc  laud  of  interglacial  times,  there  had  Iwon  a  subsequent 
^'*'iun  MO  tliat  Britain  again  became  a  part  of  the  continent  of 
^•ft'pe.  If  one  may  use  the  expression,  a  "  Neolithic  land  bridge  "  was 

KOttd,  continental  relations  and  climate  were  for  a  time  re-estab- 
<li  iind  a  free  immigration  of  Neolithic  man  with  his  domestic 
""Oils  hocamo  possible.  This  may  have  been  at  the  period  when 
*"  kbaoiiant  forest  growth  in  Scotland  succeeded  the  elevation  of 
'■•tit  bow  called  the  lOO-foot  terrace.  There  is  no  evidence  of  the 
P^iXMe  of  Neolithic  man  iu  Scotland  until  about  that  period. 
"•"frnthiK  island  with  its  surrounding  and  protecting  "  silver  streak  " 
**K1«(1  down  to  the  present  distribution  of  laud  and  water,  there  are 
"■I'ledata,  as  is  shown  by  the  three  sea  beaches  at  dilToront  levels  seen 
"ai^linclljr  ou  the  coast  of  Scotland,  that  frequent  oscillations  changed 
^  relative  positiona  of  laud  aud  sea  to  each  other. 
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From  the  oonndention  of  what  may  be  called  ilie  Uolos^oal  dtia 
the  oondagion  seems  not  to  be  justified,  that  because  olimatie  changes 
had  led  to  a  disappearanoe  of  certain  oharaotaristio  Palsolitihie 
mammals,  bat  by  no  means  of  all,  therefore  Palnolithio  man  hid 
Tanished  along  with  them.  When  Neolithic  man  reached  westen 
Enrope,  he  in  all  likelihood  found  his  Palseolithio  predecessor  setUsd 
there,  and  a  greater  or  less  degree  of  fodon  took  place  between  theo. 
Hence,  as  the  present  inhabitants  of  Britain  may  claim  the  men  both 
of  the  Neolithio  and  Bronze  Ages  as  their  ancestors,  it  is  poanbls 
that  as  Neolithic  man  migrated  northward  into  Sootlaod  he  may  ham 
carried  wiUi  him  a  strain  of  Palnolithio  Uood. 

[W.T.] 
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Chablis  T.  Hktoooe,  Esq.  M.A.  F.B.S. 

Melcdlic   AUot/B  and  the    Theory  of  Solution. 

am  alloy  in  its  technical  sense  is  nsed  to  indicate  a  solid 
»  of  two  or  more  metals.  The  earlier  investigators  in  this 
Dch  as  Matthiesen,  Riche  and  many  others,  worked  mainly 
ilid  alloys,  and  they  endeavoured  to  investigate  the  change  in 
iea  of  the  alloy,  such  as  conductivity  for  beat  and  electricity, 
>ility,  ductility  and  the  like,  with  successive  small  changes  in 
ition. 

s  method,  although  well  adapted  to  bring  out  properties  of 
luitable  for  use  in  the  arte,  has  not  till  recently  shed  mnch 
1  the  real  constitution  of  this  interesting  group  of  substances. 
ia  have  neglected  the  subject  because  the  ordinary  processes 
ch  they  attack  problems  fail  thorn  when  dealing  with  aUoys, 
)nnt  of  their  opacity,  want  of  volatility  and  power  of  being 
ed  from  one  another  by  crystal!  tsation.  Another  difficulty 
bom  the  fact  that  the  resulting  alloy  has  usually  the  same 
u  the  metals  from  which  it  is  produced,  except  in  a  few  cases, 
I  the  rich  purple  alloy  of  gold  and  aluminium  investigated  by 
or  Boberts-Austen,  and  the  alloy  of  zinc  and  silver  noticed 
tthieeen  and  investigated  by  Neville  and  Hoycook,  which  has 
vperty  of  taking  a  superficial  rose  tint  when  heated  and 
1^  cooled. 

nng  the  past  twelve  years  considerable  advance  has  been  made 
Itudy  of  alloys  by  investigating  some  o(  their  properties  whilst 
liquid  state,  such  as  the  temperature  at  which  solidification 
)0e«;  it  is  convenient  to  term  this  temperature  the  freeeing 
Le  Chatelier,  Boberts-Austen,  NeviUe,  myself  and  others 
I  worked  in  this  way.  The  result  of  this  work  may  be  very 
stated  M  follows. 
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determining  the  freezing  point  of  the  alloy  we  ^d  tli&t  it  is  lowered| 
in  direct  proportion  to  Uie  weight  of  gold  added,  notwithstanding  tha ' 
fact  that  piire  gold  by  itself  ni^ts  at  a  temperature  of  1060°  C.  It  ia 
remarkablo  that  the  effect  of  increasing  the  quantity  of  gold  in  tLo 
alloy  continues  to  depress  the  freezing  point  of  the  sodium,  until  tli« 
alloy  contains  more  than  20  per  cent,  of  gold  when  the  minimum 
freezing  temperature  81  •9°  C  (outectic  temperature)  is  reached.  The 
case  of  gold  dissolving  in  sodium  may  be  taken  as  a  very  general  od«. 
for  a  largo  number  of  pairs  of  metals  have  been  examined,  and  with 
but  few  exceptions,  such  as  antimony  dissolved  in  bismuth,  the  effect 
is  almost  always  to  produce  a  lowering  of  the  freezing  point  of  the 
solvent  motoL  By  the  solveut  metal  we  generally  mean  the  motai 
which  is  present  in  the  largest  quantity. 

A  second  point  in  which  metallic  alloys  resemble  ordintiy 
solutions  is  in  the  fact  that  the  depression  of  the  freezing  point 
is  inversely  proportional  to  the  molecular  weight  of  the  disaolred 
substance.  Thus,  if  we  dissolve  342  grams  (molecular  weight  in 
grams)  of  cane  sugar  in  10  litres  of  water,  and  determine  the  freezing 
point  of  the  solution,  it  is  found  to  be  depressed  a  definite  number  of 
degrees  below  that  of  pure  water.  But  the  same  depression  of  tha 
freezing  point  is  produced  by  the  solution  of  126  grams  of  crystallised  _ 
oxalic  acid,  or  only  32  grams  of  formic  acid,  in  10  litres  of  wator.'H 
Alloys  again  appear  to  obey  the  same  law ;  thus  it  is  found  that  if 
we  dissolve  197  grams  of  gold,  or  112  grams  of  cadmium,  or  39 
grams  of  potassium,  respectively,  in  a  coostant  weight  uf  sodium,  tliB 
freezing  point  of  the  sodium  will  be  lowered  by  almost  the  same 
number  of  degrees  in  eacb  case.  Xow  the  numbers  197,  112  and  39 
ore  the  atomic  weights  of  the  metals,  and  it  can  be  shown  that  thosa 
numbers  are  also  probably  the  molecular  weights  of  these  element 
Hence  we  conclude  that  metals  dissolved  in  each  other  obey  tbt 
same  laws  as  ordinary  solutions. 

The  above  facts  for  the  beLaviour  of  solutions  of  subetancce  in 
water  and  organic  liquids  have  been  gradually  accumulated  by  the 
work  of  Blagden,  Kiidorff,  Coppet  and  Baonlt,  extending  from  aboat 
1780  to  the  present  time,  bat  no  general  explanation  of  them  wtt 
brought  forward  until  Van'tHoff  advanced    the    remarkable  theoiy, 
that  a  dissolved  substauco  was  in  a  condition  somewhat  analogous  I 
that  of  a  gas,  the  solvent  substance  serving  the  part  of  the  veeaelis* 
which  the  gas  is  confined,  but  also  exerting  other  eflfccts. 

Ho  further  gave  strong  reasons  for  believing  that  substances  to 
dilute  solution  obeyed  the  same  lows  that  gases  do — i.e.  the  law 
of  Boyle  and  Charles  for  temperature  and  pressure.  Several  other 
theories  of  solution,  besides  what  may  be  termed  the  gaseous  tbeoijt 


-H 


*  Although  water  is  uied  aa  a  solvent  by  way  of  illustration  in  thoM  owe*.  ■( 
ahoiild  he  statod  that  it  i«  by  no  ineiins  a  suitable  liqaid  for  mich  cxperiiiwflt<> 
owing  to  the  obnngea  it.  brings  nbout  in  the  8ub«tancc«  dissolved.  In  loakiii? 
■UL'h  eiperimenta  it  is  far  preaerable  to  nse  benzene  oi  ac«tic  08  a  solvent. 
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lure  been  proposed.  Notwithstanding  that  some  weighty  objections 
can  be  arged  against  this  theory,  it  is  remarkable  that  vro  can  by  aid 
of  it  predict  the  nnmerical  valnes  for  the  fall  of  the  freezing  point  of 
different  solvents  produced  by  the  solution  of  other  substances, 
provided  that  we  know  the  latent  heat  of  fusion  of  the  solvent. 

On  ap])lyiDg  the  mmn  reasoning  to  alloys,  wo  find  that  the  theory 
holds  good,  as  the  tabic  below  shows.*     We  see  from  this  table  that 

OvaBvco  DicpitnKiox  n  tbs  Fbexziko  Poikt  or  a  Bovmrr  Hktal,  oauskd 
BY  Tilt  APDmos  OP  Onk  Atomic  pes  cext.  of  a  Secosd  Mbtal. 


SalmU 

Tin. 

BltniDth. 

Cadmiuin. 

LMd. 

Zinc. 

IsL                                  of 

SOOC 

j'c«i<>a 

♦  ■SOC. 

I-VC 

ft-n'C. 

Mrtel  <llaolvNl 
Sudium  .. 

AUWl. 

23 

28 

2-0 

4'5 

1-2 

Caiifwr  ,.     .. 

63 

2-9 

1-2 

3G 

6-8 

1-5  (riM) 

saver     ..      .. 

108 

29 

20 

10-8  (riae) 

6-6 

6-15  (rise) 

PlAtimun 

195 

.. 

2-1 

4-5 

6-4 

,, 

Gold       ..      .. 

197 

2  9 

2-1 

1-6 

64 

3-4  (riM) 

Bimntli 

209 

2-4 

•• 

4-5 

SO 

5-1 

in  no  cases  arc  the  observed  depressions  of  the  freezing  paints  greater 
Uuui  those  calculated  from  the  theory,  but  in  many  cases  they  Ml 
below  this  quantity;  this  latter  fact  admits  of  explanation. 

On  the  theory  of  Vau'tlloQ:*  it  is  necessary  that  when  a  solution 
begioB  to  freeze  the  pure  solvent  should  separate  out  first.  This 
admits,  in  case  of  aqueous  solutions,  of  simple  proof,  for  if  we  take  a 
dilate  solution  of  pntiissiuin  permanganate  and  make  it  freezo  slowly, 
ve  find  that  pare  colourless  ice  separates  out  on  the  walls  of  the  vessel, 
whilst  the  pnrple  permanganate  is  concentrated  towards  the  centre. 
This  experiment  led  NevUIo  and  myself  to  try  if  a  similar  state  of 
tioBga  could  be  Bhown  for  metallic  alloys. 

We  have  great  pleasure  in  bringing  before  the  Royal  Institntion 

ihis  evening  ^e  first  annoancemeut  of  the  results  wo  have  obtained. 

Tor  Ihis  purpose  we  took  two  metals,  gold  and  sodium,  the  former 

g  very  opaque  to  X-rays,  whilst  the  latter  is  very  transparent  to 

A  quantity  of  sodium  was  melted  in  a  tube,  and  gold  dissolved 

it  to  the  extent  of  about  ten  per  cent.     The  alloy  was  then  allowed 

oool  extremely  slowly,  and  sections  (about  I  inch  thick)  were  out 

om  different  parts  of  ^o  solid  alloy  and  placed  between  thin  plates 

*  Fee  th«  nature  of  thia  oalcnlation,  v{d«  Hejoook  &  Neville,  Chem.  Soo. 
Jon.  voL  Ivtt.  p.  339.    AW>  MeviUe, ' Science  rrogresi,'  Octobur  1895. 
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of  slnmimnm  to  protect  them  from  the  aSr.  These  netioQa  were  then 
plaoed  on  a  photographic  plate,  enclosed  in  a  li{^t-tight  bag,  and 
exposed  to  the  action  of  the  X-rays.  On  derelopiiig  the  pbito  «e 
foond  a  complete  picture  of  the  inside  of  the  alloy.  PoaitiTes 
obtained  from  these  negatives  are  thrown  npon  the  screen.  The 
sodinm  is  seen  to  have  crystallised  oat  in  plates,  as  is  evident  from 
its  transparency,  whilst  the  opaqne  gold  is  seen  to  have  beooma 
concentrated  in  the  mother  liquor  between  these  plates,  whsie  it 
finally  solidified  along  with  some  of  the  sodium. 

Very  similar  results  are  produced  with  other  pairs  of  metals, 
SQoh  as  aluminium  and  gold  and  aluminium  and  ooppw.  Behiens, 
Boberts-Aosten,  Osmond  and  others  have  examined  alleys,  after 
superficial  etching,  with  high  microscopic  powers,  and  they  find  a 
similar  separation  of  tiie  constituents. 

We  thus  see  that  solution  of  metals  in  one  anofher  follows 
extremely  closely  the  same  laws  that  regulate  solutions  with  whioh 
we  are  ordinarily  familiar.  I  should  like  to  state  here  that  the 
matter  of  this  lecture  is  largely  drawn  from  the  work  carried  oat  bj 
Mr.  Neville,  F.B.S.  and  myaelf  daring  the  past  six  years. 

[C.  T.  H.] 
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tisaa  Cbiobton-Browne,  M.D.  LL.D.  F.R.S.  Treaaarer  and 
Vice-President,  in  the  Chair. 

IJobn  Howard  Colls,  Esq. 
Hugh  Emost  Diamond,  Esq. 
Mrs.  J.  Dnndaa  Grant, 
Dooglaa  Hall,  Esq. 
Walter  Hunter,  Esq. 
Frederick  Morell  Mackenzie,  Esq.  M.B,C.8. 

looted  Members  of  the  Bojal  Institution. 

e  Special  Thanks  of  the  Members  were  returned  for  the  following 
on  to  the  Fond  for  the  Promotion  of  Experimental  Besearcli 
r  Temperatures : — 

Sir  William  J.  Farrer £60 

e  following  Lecture  Arrangements  were  announced  : — 

ran  Ahdibbon,  M.D.  B.Sa.     Four   Lectures  on  Volcanoes.     (The 

1  Lectorca.)    On  Tuadavi,  April  27,  May  4,  11,  18. 

■R  Hbist  Btarlimo,  M.D.     Tliree  Lectures  on  Tbi  Hkabt  axd  its 

Ob  TViefdoy*,  May  25,  Jane  1,  8. 
maton  D«WA.a,  M.A.  LL.D.  F.R.8.  M.R.I.     Thn?*  Lectures  on  Liqdid 

A»  Aocrr  or  Bucaboh.     On  Thurviayi,  April  29,  May  (!,  13. 
»TOJ«  CoLLnui,  Esq.,  M.A.    Four  Lecture  §on  The  Fkejjch  Kkvolutior 
lOLUH  LrmuTUHK.    On  Thurtdayi,  May  20,  27,  June  3,  10. 
1  Rkt.  J.  P.  MxHATTY,  D.D.  ProfeMor  of  Ancient  History  in  the  Uni- 
of  Dublin.    Three  Lecturea  on  Tux  Grkkk  Tubatbi  AcooBDiNa  to 
'  DrBcoTKBixa.    On  Saturdayi,  May  1,  9,  15. 

L.  Pdllbb  MArruiNii,  Esq.,  M.A.  V.H.A.  Four  Lectures  on  Mrsio  nr 
rs  DUBXXO  THB  Rbiom  OF  QcuN  Vkttobia  (with  Miuioal  lUoatratioai). 
irday*.  May  22,  29.  June  5,  12. 

a  PsianiTS  received  since  the  last  Meeting  were  laid  on  the 
knd  the  thanks  of  the  Members  returned  for  the  same,  riz. : — 


•Utik  MuMum  IViue«M— Cataloffue  of  the  Cuneirbnn  Tablets  in  the 

«iiTim|ik  Oolleotion.    By  C.  BezoTd.    Vol.  IV.    Ito.    ISClG. 

madm  Lineei,  Realu,  Roma— Alti,  Serie  Qnintn :  Itendicoiiti.    ClasM  di 

eaiB  FWohe.  etc.     1*  Semeetre,  Vol.  VL  Faao.  S-5.    8ro.     1897. 

tortii  Boeiety  of  Bnffand,  iioyol— Joornal,  Third  Series,  Vol.  VII[.  Part  1. 

I.    1897. 

M  Atademu  of  ArU  and  Seienee» — ProceedingB,  Vol.  XXXIL  No.  1.    8to. 

M. 

uii>IUIom^i«al&N)t«<y— Proceedings,  No.  152.    8to.     1896. 

Seeiitf,  Eoyoi— Oatalogoa  of  the  Library  of  the  Royal  Asiatio  Society. 

)k    1888. 

lal  for  1888,  1889  and  1890.    8to. 


414  Gemeral  MomtUg  Meeting.  [April  5, 

A$tmMmue-il  S^eietg.  Brnf^—Wmthlr  Xotieei*,  Vol.  LTII.  Ko.  4.    Sio.    1897. 

Binken.  ItutUmt^  o/-Joiirnal,  Vol.  X.VIII.  P»rt  'i.    Sro.     1897. 

Berlin,  KSmi'jIitk  PrtH**ufhe   AkadimU  der  WUteiuekaftem — Sitiangabetiehti^ 

Xo*.  4'>-o3.    Svo.     1S.«6. 
Beran.   The   R-r.  J.  O.   .V.R.T.  (the  Author)— An   Archsolc^Ml    8junj  it 

Her'-firdsbire.     Br  J.  O.  Beviin  and  others.    4to.    1896. 
B-jttoH,  r.S  A.  PM'-e  Lt&rai^— Monthly  Bnltetin  of  Bookn  Milled  to  the  LibniT. 

Vol.  II.  Xo.  ,3.     8vo.     1897. 
Botton  Society  of  Xalural  Hitlury—FrooeedxagB,  VoL  XXYIL  (pp.  S01-211> 

Svo.     \>-96. 
Brititk  Arehitrclt,  Royai  JniHtute  o/'— Jonmal,  1896-97,  Koa.  9, 10.    8to. 
Catnera  Oft'i — Journal  for  SLirch  1*1*7.     8vo. 

Chftniriil  IndMtri/.  Soeielu  of — Jnumal,  Vol.  XVL  X«.  2.    8?a    1897. 
t'hemieal  Soeitty—Jouiati  fur  Jan.  :ind  Fob.  1897.    8ro. 

Pro»>eedines,  Xo.  ITS.    8to.     1897. 
Ciril  Engineer*,  /tutUution of— ^antmot  Fmoeedm^Xol.CXXYlL  Sro.  1897. 
CriuoTi'e,  VAcademie  de»  Srienee* — Bulletin  Intematiunal,  1897,  No.  1.    Sto. 
De  CandoHe.  Catimir,  Etq.  M.R.I. — Geneve  et  la  Booieie  d«  Leetme.    Bv 

F.  DeCrue  (1818-96).  avecportMita.    8ro.     1896. 
Editor* — American  Journal  of  Science  for  March,  1897.    ifo. 

Analjst  for  Mitn-h,  1897.    Svo. 

Anthony's  Photographic  Bulletin  for  March,  1897.    8to. 

Astrophysiral  Journal  for  March,  1897.    8to. 

Athentenm  for  March.  1897.    4to. 

Author  for  March,  1897. 

Bimetallist  for  March,  1897. 

Brewers'  Jnumal  for  Blarch,  1897.    8?o. 

Chemical  Xevris  for  March,  1S'J7.    4to. 

Chemist  and  Druggist  for  Mari-h,  1897.    8to. 

Education  for  March.  18!*7.    8to. 

Electrical  En^rineer  for  March,  1897.    fol. 

Electrical  Engineering  for  Maroh.  1897. 

Electrical  Review  for  ^larcb,  1897.    8to. 

Engineer  for  ^larcb,  1897.     fol. 

Engineering  for  Murch,  1897.     foL 

Iloraceopathio  Review  for  March,  1897. 

Horological  Journal  for  March,  1897.    8to. 

Industries  and  Iron  for  March,  1897.    foL 

Invention  for  March,  1897.    8vo. 

Journal  of  Physical  Chemistry,  VoL  I.  Nos.  6,  7.    Svo.     1897. 

Journal  of  State  Mtnlicine  for  JIarch,  1897.     8vo. 

Law  Journal  for  March.  1897.     Svo. 

Machinery  Market  for  Maroh,  1897.    Svo, 

Nature  for  Maich,  1897.    4to. 

New  Bonk  List  for  March,  1897.    8vo. 

New  Church  Magaiine  for  March,  1897.    8vo. 

Nuovo  Cimento  for  Fob.  1897.    8vo. 

Physical  Review  for  March-April,  1897.    8vo, 

Science  Sittings  for  March,  1897.    8to. 

Travel  for  Marcli,  1897. 

Tropical  Agriculturist  for  Feb.  1897.    Svo. 

Zoophilist  for  March,  1897.    4to. 

Edvoard',  F.  G.  E»q.  ((he  Author)— K  Communioation  to  the  Royal  lutitotio 

on  "  A  New  Theory  of  Matter  and  Force "  (MS.).     foL    1897.  ^ 

Eleetrieal  Engineers,  Inaitufion  o/— Journal,  Vol.  XXVI.  No.  126.    8va    18W» 

E$>ex  County  Technical  Laboratories,  (Jhelnuford — Journal  for  Jan.-Fehi  IW'- 

8vo. 
Florence,  BiUioteea  Nazionale  C«n<rr>I<!— Bollettino,  Nos.  268-270.    8vo.    W- 
Forbe*,  Avary  W.  H.  Eta.  M.A.  M.R.I,  (the  Author)— U  Scienoe  Goiltyf  <*> 
Some  of  the  Sioa  of  Civilization.    Svo.    1897. 
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MdUin  /fMi(i<uto— Journal  for  March,  1897.    8to. 

Itograp^ical  Soeirly,  Boyat — GeiigTuphioal  Jonrnal  for  March.  1897.    8vo. 
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WEEKLY  EVENING  MEETING, 

Friday,  April  9,  1897, 

kE  Fbidi&ick  Bbamwkll,  Bart.  D.C.L.  LL.D.  F.R.S.  Honorary 
Secretary  and  Vice-President,  in  the  Cbair. 

lOHT  Hon.  LoBD  Batlbioh,  M.A.  D.CL.  LL.D.  F,R.8.  MM.!. 
Professor  of  Natural  Philoaopby,  B,I. 

The  Limit*  of  Audition, 

(Abatmcl) 

onlar  to  be  audible,  sonnds  most  be  restricted  to  a  certain  range 
pitch.  Thns  a  soaod  from  a  hydrogen  flame  vibrating  in  a  large 
lODAtor  was  inaudible,  as  being  too  low^  in  pitch.  On  the  other 
U,  a  bird-oall,  giving  about  20,000  vibrations  per  second,  was 
kudible,  although  a  sensitive  flame  readily  gave  evidence  of  the 
brations  and  permitted  the  wave-length  to  bo  measured.  Near 
»  limit  of  hearing  the  ear  is  very  rapidly  fatigued  ;  a  sound  in  the 
it  instftnce  loud  enough  to  be  disagreeable,  disappearing  after  a 
JH  ■eoonda.  A  momentary  intermission,  due,  for  example,  to  a  rapid 
of  the  hand  past  the  ear,  again  allows  the  sound  to  be  heard. 
The  magnitude  of  vibration  necessary  for  audition  at  a  favourable 
1  is  an  important  subject  for  investigation.  The  earliest  estimate 
of  Boltsmaon.  An  easy  road  to  a  superior  limit  is  to  find 
Donnt  of  energy  required  to  blow  a  whistle  and  the  distance  to 
the  sound  can  be  hear<l  (e.g.  one-half  a  mile).  Experiments 
this  plan  gave  for  the  amplitude  8  X  lO''  cm.,  a  distance 
would  need  to  bo  moltiplied  100  times  in  order  to  make  it 
in  any  possible  miorosoope.  Better  results  may  bo  obtained 
ag  a  vibrating  fork  as  a  source  of  sound.  The  energy  resident 
1  fork  at  any  time  may  be  deduced  from  the  amplitude  as  ob- 
Lunder  a  microscope.  From  this  the  rate  at  which  energy  is 
follows  when  we  know  the  rate  at  which  the  vibrations  of 
die  down  (say  to  one-half).  In  this  way  the  distance 
^ility  may  be  reduced  to  30  metres,  and  the  results  are  less 
be  disturbed  by  atmospheric  irregularities.  If  a  be  the 
Inal  condensation  in  the  wavea  which  *re  just  capable  of 
\ndition,  the  results  may  be  expressed: — 


fn>qneBoy  =  256 

•  =  60  X   10-» 

=  384 

•  =  4-6  X   10-* 

=  512 

f  =  4-6  X   lO-» 

[at    the  ear   is  capable  of  recognising  vibrations  which 
^  less  ohangefl  of  pressure  than  the  total  pressure  out- 
>ur  highest  vacua. 
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In  Bnch  experiments  the  whole  energy  emitted  is  very  small,  and 
contrasts  strangely  with  the  60  horse-power  thrown  into  the  fog- 
signals  of  the  Trinity  Koase.  If  wo  calculate  according  to  the  law  of 
inverse  squares  how  far  a  sonnd  absorbing  60  horse-power  ehonld  be 
andible,  the  answer  is  2700  kilometres  1  The  conclosion  plainly 
follows  that  there  is  some  important  source  of  loss  beyond  the  mere 
diffusion  over  a  larger  surface.  Many  years  ago  Sir  George  Stokes 
calculated  the  effect  of  radiation  upon  the  propagation  of  soand.  His 
conclusion  may  be  thus  stated.  The  amplitude  of  sonnd  propagated 
in  plane  waves  would  fall  to  half  its  value  in  six  times  the  interval 
of  time  occupied  by  a  mass  of  air  heated  above  its  surroandings  in 
cooling  through  half  the  excess  of  temperature.  There  appear  to  be 
no  data  by  which  the  latter  interval  can  be  fixed  with  any  approach 
to  precision ;  but  if  we  take  it  at  one  minnte,  the  condnsion  is  that 
sound  would  be  propagated  for  six  minutes,  or  travel  over  aboat 
Bovonty  miles,  without  very  serious  loss  from  this  cause. 

The  real  reason  for  the  falling  off  at  great  distances  is  donbtless 
to  be  found  principally  in  atmospheric  refraction  doe  to  variation  of 
temperature,  and  of  wind,  with  height.  In  a  normal  state  of  things 
the  air  is  cooler  overhead,  sound  is  propagated  more  slowly,  and  a 
vrave  is  tUted  up  so  as  to  pass  over  the  head  of  an  observer  itt  a 
distance.  [Illustrated  by  a  model.]  The  theory  of  these  effects  has 
been  given  by  Stokes  and  Boynolds,  and  their  application  to  &» 
explanation  of  the  vagaries  of  fog  signals  by  Henry.  Progress  would 
be  promoted  by  a  better  knowledge  of  what  la  passing  in  the  atmo- 
sphere over  our  heads. 

The  lecture  concluded  with  an  account  of  the  observations  of 
Preycr  upon  the  delicacy  of  pitch  perception,  and  of  the  results  ci 
KohlrauBch  upon  the  estimation  of  pitch  when  the  total  number  of 
vibrations  is  small.  In  illustration  of  the  latter  subject  an  experi- 
ment (after  Lodge)  was  shown,  in  which  the  sound  was  due  to  tbs 
oscillating  discharge  of  a  Lcyden  battery  through  coils  of  insulated 
wire.  Observation  of  the  spark  proved  that  the  total  number  of 
(aerial)  vibrations  was  four  or  hve.  The  effect  upon  the  pitch 
of  moving  one  of  the  ooils  so  as  to  vary  the  self-induction  waa 
very  apparent. 

[B.] 


18970 


Cathode  Bajft. 


WEEKLY  EVENING  MEETING, 

Friday,  April  30.  1897. 

Fekoerick  BtUiVviBLhy  Bart.  D.C.L.  LL.D.  F.R.S.  Honorary 
Secretary  and  Vico-Presideut,  in  the  Chair. 


^B  FaxoER 

I      PaonusoB  J.  J.  Thousoit,  M.A.  LL.D.  So.D.  F.B.S. 

^P  Cathode  UaijB. 

Tm  first  observer  to  leave  any  reconl  of  wliat  are  now  tnown  aa 
ihe  C*thode  Rays  seemB  to  liave  boon  PlUcker,  who  in  1859  observed 
libe  now  well  known  groen  pboitpborescouco  on  the  glass  in  the 
aetgbbonrhood  of  the  nogativo  oloctrode.  PlQcker  was  tlic  first 
physiciRt  to  make  experiments  on  the  discharge  throU'^h  a  tube,  iu  a 
ilAte  Anything  approaching  what  we  shoaLl  now  call  a  high  vacuum  *, 
be  owed  the  opportunity  to  do  this  to  bis  fellow  townsman  Gcissler, 
who  fint  made  such  T>icua  attainable.  Pliicker,  who  had  mn.de  a 
Tory  minnta  study  of  the  effoct  uf  a  magnetic  field  on  the  ordinary 
disch&rge  which  stretches  from  one  terminal  to  the  other,  distin- 
nabed  the  discharge  which  produced  tho  groen  phoBphoresoence 
I  mm  tho  ordinary  discharge,  by  the  difference  in  its  behaviour  when 
liiia  mugnetio  field.  Pliicker  ascribed  those  phosphoruscout  patches 
Itoenrrents  of  electricity  which  went  from  the  cathode  to  tlie  walls  of 
IU>«  tabe,  and  then  for  some  reason  or  otiior  retraced  their  Ktops, 

Tlic  snbject  was  next  htkeu  up  by  Pliicker's  pupil,  Ilitturf,  who 

Jgre»tly  citentietl  our  knowlixltie  of  tho  snbject,  and  to  whom  wo  owo 

h*  "IwiTvation  that  a  8<jlid  body  placed  between  a  iKiiiitod  cathode 

1  tlj(.'  walls  of  the  tube  oast  a  well  dftine*!  shadow.     This  obscrva- 

pun  ITU  extruded   by  (loldsteiu,  who  found  that  a  well  marked, 

not  very  sharply  defined  shadow  was  cast  by  n  small  body 

bear  a  cathode  of  considerable  area ',  this  was  a  very  important 

ition,  for  it  showed  that  the  rays  casting  the  shadow  came  in 

lite  direction  from  tho  cathode.     K  the  cathode  wore  replaced 

laminous  disc  of  the  same  size,  this  disc  would  not  eust  a  shadow 

L"n>all  object  placed  nt^ar  it,  for  though  the  object  might  intercept 

ITS  wliich  carao  out  uormiilly  from  the  disc,  yet  enough  light 

lie  given  out  sideways  from  other  j«irt8  of  tho  disc  to  prevent 

hiulow  being  at  all  well  marked.     Goldsteiu  seems  to  have  been 

\m  to  Bdvauob  the  theory,  whioh  has  attained  a  good  deal  of 

;uc«  in   Germany,   that    these  cathode  rays  are   traasveraal 

kioDH  in  the  ether. 

I'hysicist,  however,  who  did  more  than  any  on©  olso  to  direct 
on  to  tlic«e  rays  was  Mr.  Crookes,  ivhaso  experiments,  by  their 
[anil  importance,  attracted  the  attentiou  of  all  physicists  to  this 
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subject,  and  who  not  only  greatly  increased  onr  knowledge  of  tha 
properties  of  the  raye,  but  by  his  application  of  them  to  radiant  matter 
spectroscopy  has  rendered  them  most  important  agents  in  ohemioal 
research. 

Beoently  a  great  renewal  of  interest  in  these  rays  has  taken  pUoe, 
owing  to  the  remarkable  properties  possessed  by  an  ofibpring  of  theirs, 
for  the  cathode  rays  are  the  parents  of  the  Bontgen  rays. 

I  shall  confine  myself  this  evening  to  endeavouring  to  give  ut 
account  of  some  of  the  more  recent  investigations  which  have  been 
made  on  the  cathode  rays.     In  the  first  place,  when  these  rays  fall  on 
a  substance  they  produce  changes  physical  or  chemical  in  Uie  nature 
of  the  substance.     In  some  cues  this  change  is  marked  by  a  chan^ 
in  the  colour  of  the  substance,  as  in  the  case  of  the  chlorides  of  the 
alkaline  metals.     Goldstein  found  that  these  when  exposed  to  the 
cathode  rays  changed  colour,  the  chimge,  according  to  E.  Wiedemann 
and  Ebort,  being  duo  to  the  formation  of  a  snbchloride.     Elster  &nd 
Geitel   have   recently  shown   that   these   substances    become  photo' 
electric,  i.e.  acquire  the  power  of  discharging  negative  electricity 
under  the  action  of  light,  after  exposure  to  the  cathode  rays.    Bat 
though  it  is  only  in  comparatively  few  cases  that  the  change  pro- 
duced by  the  cathode  rays  shows  itself  in  such  a  conspicuous  way  ta 
by  a  change  of  colour,  there  is  a  much  more  widely  spread  phenomeooa 
which  shows  the  permanence  of  the  effect  produced  by  the  impact  of 
theee  rays.     This  is  the  phenomenon  called  by  its  discoverer,  Pr<>f. 
E.  Wiedemann,  tLermoluminescence.     Prof.  Wiedemann  finds  that 
if  bodies  are  exposed  to  the  cathode  rays  for  some  time,  when  the 
bombardment   stops   the   substance    resumes  to   all   appearance  it> 
original  cendition ;  when,  however,  we  heat  the  substance,  we  fiml 
that  a  change  has  taken  place,  for  the  substance  now,  when  heated, 
becomes  luminous  at  a  comparatively  low  tomperatore,  one  for  belov 
that  of  incandescence ;  the  substanoe  retains  this  property  for  montht 
after  the  exposure  to  the  rays  has  cea£«d.     The   phenomenon  of 
thermoluminescence  is  especially  marked  in  bodies  which  are  call«d 
by  Yau  t'Boff  solid  solutions ;  these  are  furtned  when  two  salts,  one 
greatly  in  excess  of  the  other,  are  simultaneously  precipitated  fnw> 
a  solution.     Under  those  circumstances  the  connection  between  tiia 
salts   seems  of  a  more   intimate  character  than  that  existing  in  * 
mechanical   mixture.      I  have  here  a  solid  solution  of  CaSo,  witli 
trace  of  MnSo^,  and  you  will  see  that  after  exposure  to  the  catljode 
rays  it  becomes  luminoos  when  heated.     Another  proof  of  the  altera- 
tion prodttcad  by  these  rays  is  the  fiict,  disooverod  by  Crookee,  th»t 
after  glass  has  been  exposed  for  a  long  time  to  the  impact  of  iheit 
raye,  the  intensity  of  its  phoBphoresoonce  is  loss  than  when  the  np 
first  began  to  fall  upon  it.     This  alteration  lasts  for  a  long  tioAi 
certainly  for  months,  and  Mr.  Grookos  has  shown  that  it  is  abl«  (*> 
survive  the  heating  up  of  the  glass  to  allow  of  the  remaking  of  ll>« 
bulb.     I  will  now  leave  the  chemical  effects  produced  by  these  njt> 
and  pass  on  to  consider  their  behaviour  when  in  a  magnetic  field. 
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ni,  let  OS  condder  for  a  moment  the  eflfoct  of  magnetic  force 
)  ordinary  discharge  between  terminals  at  a  prossnre  mnch 
that  at  which  the  cathode  rays  begin  to  come  off.     I  have 


hotographs  (see  Figa.  1  and  2)  of  the  spark  in  a  ma^etic  field. 
M  that  when  the  discharge,  which  passes  ao  a  thin  bright  lino 
ftt  thie  terminals,  is  acted  upon  by  the  magnetic  field,  it  is  pnllod 
MA  stietohed  string  would  be  if  acted  npon  by  a  force  at  right 


Pig.  3. 


Pw.  4. 


•  to  ih  length.  The  curve  is  qnite  oontinuons,  and  though  there 
be  gaps  in  the  Inminosity  of  the  dischargts  yet  there  arc  no 
Mtt  Boch  points  in  the  curve,  into  which  the  iliscliarge  is  bent  by 
-    XV.    (No.  91.)  2  r 
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a  magnet  Again,  if  the  discharge,  instead  of  taking  place  betveen 
points,  passes  between  flat  discs,  the  effect  of  the  magnetic  force  is  to 
move  the  sparks  as  a  whole,  the  sparks  keeping  straight  until  their 
terminstioos  reach  the  edges  of  the  discs.  The  fine  thread-like 
discharge  is  not  much  spread  ont  by  the  action  of  the  magnetic  field. 
The  appearance  of  the  discharge  indicates  that  when  the  discbarge 
passes  through  the  gas  it  manufactores  ont  of  the  gas  eomething 
stretching  from  terminal  to  terminal,  which,  unlike  a  gas,  is  capable  of 
sustaining  a  tension.  The  amount  of  deflection  produced,  other  circam- 
stanoes  being  the  same,  depends  on  the  nature  uf  the  gns ;  us  the  pboto- 
gmphs  (Figs.  3  and  4)  show,  the  deflection  is  very  small  in  the  ctaa 
of  hydrogen,  and  very  considerable  in  the  case  of  oarbouio  acid;  us 
general  rule  it  seenie  smaller  in  elementary  than  in  compound  gase^ 
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he  bohnvionr  of  this  kind  of  discharge  under  tt* 
field  with  that  of  the  cathode  rays.     I  have  haf     , 
Figs  5,  6  and  7)  taken  of  a  narrow  beam  formai 
ode  rays  through  a  tube  in  which  there  w»i » 
,  the  plug  being  nsed  as  an  anode  and  counccw 
rays  tn^Tcrsing  a  uniform  magnetic  field.    Th* 
<»  out  under  the  action  of  the  magnetic  force  ia^ 
luminosity  in  the  gas.     The  luminosity  in  ^ 
distributeil,  but  is  condensed  along  certain  lii'**' 
D  produced  when  the  rays  reach  the  glass  i»*^  M 
buted  ;  it  ii  much  spread  out,  showing  th«t  ""J  H 
rs  which  are  not  all  deileoted  to  the  same  eiUKf  V 
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The  lumioous  patch  on  the  glasa  is  crossed  by  bandj         H 
nminoBitj  is  very  mnoh  greater  than  in  the  adjacent         H 
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on  the  glass  are  by  no  means  always  the  terminations  of  the  brigbteat 
streaks  of  laminosity  in  the  gas;  in  fact,  in  some  oases  a  very 
bright  spot  on  the  glaes  is  sot  connected  with  the  cathode  by  any 
appreciable  luminosity,  though  there  is  plen^  of  luminosity  in  other 
parts  of  the  gas. 

One  Tery  interesting  point  brought  oat  by  the  photographs  is 
that  in  a  given  magnetic  field,  with  a  given  mean  potential  difference 
between  the  terminals,  the  path  of  the  rays  is  independent  of  tbo 
nature  of  the  goa ;  photographs  were  taken  of  tho  diBcharge  in 
hydrogen,  air,  carbonic  acid,  methyl  iodide,  Le.  in  gases  whose 
densities  range  from  I  to  70,  and  yet  not  only  were  the  paths  of  the 
most  deflected  rays  the  same  in  all  coseB,  but  oven  the  details,  soch 
as  the  distribution  of  the  bright  and  dark  spaces,  were  the  same ;  in 
fact,  the  photographs  ooold  hardly  be  distinguished  from  each  other. 
It  is  to  be  not^  that  the  pressures  were  not  tho  same  ;  the  pressures 
were  adjusted  until  the  mean  potential  difference  was  the  same.  When 
the  pressure  of  the  gas  is  lowered,  the  potential  difference  between 
tho  terminals  increases,  and  the  deflection  of  the  rays  produced  by  a 
magnet  diminishes,  or  at  any  rato  the  deflection  of  the  rays  where 
tho  phosphorescence  is  a  maximum  diminishes.  If  an  air  break  is 
inserted  in  the  circuit  an  effect  of  the  same  kind  is  prudnced.  In 
all  tho  photographs  of  the  cathode  rays  one  sees  indications  of  rsjs 
which  stretch  far  into  tho  bulb,  but  which  are  not  deflected  at  all  by 
a  magnet.  Though  they  stretch  for  some  two  or  three  inches,  yet  in 
none  of  these  photographs  do  they  actually  reach  the  glass.  In  some 
experiments,  however,  I  placed  inside  the  tube  a  screen,  near  to  the 
slit  through  which  the  cathode  rays  came,  and  found  that  no  appre- 
ciable phosphorescence  was  produced  when  tho  non-deflected  rays 
struck  the  screen,  while  there  was  vivid  phosphorescence  at  the  pltOH 
where  the  deflected  rays  stnick  the  screen.  These  non-deflected  rayi 
do  not  seem  to  exhibit  any  of  the  characteristics  of  cathode  rays,  and 
it  seems  possible  that  they  are  merely  jets  of  uncharged  laminon« 
gas  shot  out  through  the  slit  from  the  neighbourhood  of  the  cathode 
by  a  kind  of  ezploeiun  when  tbo  discharge  passes. 

The  curves  described  by  tho  cathode  rays  in  a  uniform  magnetic 
field  are,  very  approximately  at  any  rate,  circular  for  a  large  i>art  of 
their  course ;  this  is  the  path  which  would  be  described  if  the  cathod* 
rays  marked  the  path  of  negatively  electrified  jvarticles  projected  with 

froat  velocities  from  the  neighbourhood  of  tho  negative  electrode, 
ndeed,  all  the  effects  produced  by  n  magnet  on  these  rays,  and  booo 
of  these  are  complicated,  as,  for  example,  when  the  rays  are  curled  op 
into  Bpirals  under  tho  action  of  a  magnetic  force,  are  in  exact  agnc' 
ment  with  the  consequences  of  this  view. 

We  can,  moreover,  show  by  direct  experiment  that  a  charge  « 
negative  electricity  follows  the  course  of  the  cathode  rays.  One  way 
in  which  this  has  been  done  is  by  an  experiment  due  to  Perrin,  U"* 
details  of  which  are  shown  in  the  accompanying  figure  (Fig.  8.)  1" 
this  experiment  the  rays  are  allowed  to  pass  inside  a  metallic  oyhndtf 
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through  a  BmaJl  hole,  and  the  cylinder,  when  these  rays  enter  it,  gets 
•  negatire  charge,  while  if  the  rays  are  deflected  by  a  magnet,  so  as 
to  eecape  the  hole,  the  cylinder  romaias  withont  charge.  It  seems 
to  me  that  to  the  experiment  in  this  form  it  might  be  objected  that, 
tbongh  the  experimeut  shows  that  negatively  electrified  bodies  are 
projected  normally  from  the  catbude^ond  are  deflected  by  a  magnet,  it 
does  not  show  that  when  the  cathode  rays  are  deflected  by  a  magnet 
the  path  of  the  electrified  particles  coincides  with  the  path  of  the 
cathode  iay&     The  snpporters  of  the  theory  that  these  rays  are  waves 
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in  the  ether  might  say,  and  indeed  have  said,  that  while  they  did  not 
deny  that  olec^ified  particles  might  be  shot  off  from  the  cathode, 
these  particles  were,  in  their  opinion,  merely  accidental  accomponi- 
tnenta  uf  the  rays,  and  were  no  more  to  do  with  the  rays  than  the 
bullet  has  with  the  flash  of  a  rifle.  The  following  modification  of 
Perriu's  experiment  is  not,  however,  open  to  this  objection :  Two 
oo-«xial  cylinders  (Fig.  9),  with  slits  cat  in  them,  the  outer  cylinder 
being  connected  with  earth,  the  inner  with  the  electrometer,  ore 
placed  in  the  disoharge  tube,  bat  in  such  a  position  that  the  cathode 


Fio.  9. 

rays  do  not  fall  npon  them  unless  deflected  by  a  magnet ;  by  means 
of  a  magnet,  however,  we  can  deflect  the  cathode  rays  until  they  fall 
OB  the  slit  in  the  cylinder.  If  under  these  circumstances  the  cylinder 
gate  •  negative  charge  when  the  cathode  raye  fall  on  the  slit,  and 
tenuuna  nncharged  nnleas  they  do  so,  we  may  conclude,  I  think,  the 
stream  of  negatively-electrified  particles  is  au  invariable  accompani- 
mant  of  the  cathode  rays.  I  will  now  try  the  experimeut.  You 
notioe  that  when  there  is  no  magnetic  force,  though  the  rays  do  not 
hll  on  the  cylinder,  there  is  a  slight  deflection  of  the  oleotrometer, 
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showing  that  it  has  acquired  a  small  ncgatire  charge.  This  is,  I 
think,  duu  to  the  plug  getting  negatively  charged  under  the  torrent  h 
of  negatively  electrified  particles  from  the  cathode,  and  getting  onl^f 
cathode  rays  on  its  own  account  which  have  not  come  throngh  t)ie 
slit.  I  will  DOW  deflect  tlie  rays  by  a  magnet,  and  yon  will  see  tbst 
at  first  there  is  little  or  no  change  in  the  deflection  of  the  electrO' 
meter,  but  that  when  the  rays  reach  the  cylinder  there  is  at  onco  • 
great  increase  in  the  deflection,  showing  that  the  rays  are  pouring  t 
charge  of  negative  electricity  into  the  cylinder.  The  deflection  of 
the  electrometer  reaches  a  certain  value  aud  then  stops  and  remain* 
constant,  though  the  rays  continue  to  pour  into  the  cylinder.  This 
is  dne  to  the  fact  that  the  gas  traversed  by  the  cathode  rays  becomes 
a  conductor  of  electricity,  and  thus,  though  the  inner  cylinder  is  per- 
fectly insulated  when  the  rays  are  not  passing,  yet  as  soon  as  the  nyi 
pass  through  the  bulb  the  air  between  the  inner  cylinder  and  tb« 
outer  one,  which  is  connected  with  the  earth,  becomes  a  conductor, 
and  the  electricity  escapes  from  the  inner  cylinder  to  the  earth.  Far 
this  reason  the  chai'ge  within  the  inner  cylinder  does  not  go  on  coa 
tinually  increasing :  the  cylinder  settles  into  a  state  of  equilibrium 
in  which  the  rate  at  which  it  gains  negative  electricity  £rom  the  ntyi 
is  equal  to  the  rate  at  which  it  loses  it  by  oondnctinn  through  the  aifi 
If  we  charge  up  the  cylinder  jHisitively  it  rapidly  loses  it«  pusitivt 
charge  and  acquires  a  negative  one,  while  if  we  charge  it  np  nagativsly 
it  will  leak  if  its  initial  negative  potential  is  greater  than  its  equili- 
brium value. 

I  have  lately  made  some  experiments  which  are  interesting  ftoni 
the  bearing  they  have  on  the  charges  carried  by  the  cathode  rays,  m 
well  as  on  the  prodnction  of  cathode  rays  outside  the  tube.    The 
experiments  ore  of  the  following  kind.     In  the  tube  (Fig.  10)  A  and  B 
are  terminals.     G  is  a  long  side  tube  into  which  a  closed  metallic 
cylinder  fits  lightly.     This  cylinder  is  made  entirely  of  metal  except 
the  end  furthest  from  the  terminals,  which  is  stopped  by  an  ebonite 
plug,  perforated  by  a  small  bole  so  ae  to  make  the  preasore  inside  the 
cylinder  eqnol  to  that  in  the  discharge  tnbe.     Inside  the  cylinder 
there  is  a  metal  disc  supported  by  a  metal  rod  which  passes  through 
the  ebonite  ping,  and  is  connected  with  an  electrometer,  the  wires 
making  this  connection  being  surroimded  by  tnbes  connected  with 
the  earth  so  us  to  screen  off  electrostatic  induction.     If  the  end  of 
the  cylinder  is  made  of  thin  aluminium  about  y^xs^h  of  a  millimetra 
thick,  and  a  discharge  sent  between  the  terminals,  A  being  the  cathoiW, 
then  at  prossures  far  higher  than  those  at  which  the  cathode  np 
come  ofi',  the  disc  inside  the  cylinder  acquires  a  positive  charge.  And 
if  it  is  charged  up  independently  the  charge  leaks  away,  and  it  leab 
more  rapidly  when  the  disc  is  charged  negatively  than  when  it  is 
charged  positively  ;  there  is,  however,  a  leak  in  both  oases,  showing 
that  conduction  has  token  place  through  the  gas  between  the  cylinder 
and  the  disc.     As  the  pressure  in  tho  tube  is  dimiuiehcd  the  poativ* 
charge  on  the  disc  diminishes  until  it  becomes  onappreciable.    Tbs 
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leak  from  the  disc  wlien  it  is  charged  still  continues,  and  is  now 
equnllj  rapid,  whether  the  original  charge  on  the  disc  is  positive  or 
negntire.  When  the  pressnre  falls  so  low  that  cathode  rays  begin  to 
fall  on  the  end  of  the  cylinder,  then  the  disc  acquires  a  negative 
charge,  and  the  leak  from  the  disc  is  more  rapid  when  it  is  charged 
positively  than  when  it  is  charged  negatively.  If  the  cathode  rays 
are  pulled  off  the  end  of  the  cylinder  by  a  magnet,  then  the  negative 
charge  on  the  disc  and  the  rate  of  leak  from  the  disc  when  it  is  posi- 
tiTely  charged  is  very  much  diminished.  A  very  interesting  point 
is  that  these  efiuots,  due  to  the  cathode  rays,  ore  obsorTcd  behind 
MMDparatively  thick  walls.  I  have 
here  a  cylinder  whose  base  is 
bimw  about  1  mm.  thick,  and  yet 
when  this  is  exposed  to  the 
cathode  rays  the  disc  behind  it 
geta  a  negative  charge,  and  leaks 
if  obargud  positively.  The  effect 
is  small  compared  with  that  in 
the  cylinder  with  the  thin  alu- 
minium base,  but  is  quite  appre- 
ciable. With  the  cylinder  with 
the  thick  end  I  have  never  been 
able  to  observe  any  effect  at  the 
higher  presBOres  when  no  cathode 
rays  were  coming  off.  The  effect 
with  the  cylinder  with  the  thiti 
end  was  observed  when  the  dis- 
charge was  produced  by  a  large 
number  of  small  storage  ooUs,  as 
well  as  when  it  was  produced  by 
an  induction  coil. 

It  would  seem  from  this  experiment  that  the  incidence  of  the 
cathi>de  rays  on  a  brass  plate  as  much  as  1  mm.  thick,  and  connected 
with  the  earth,  can  put  a  rarefied  gas  shielded  by  the  plate  into  a  con- 
dition in  which  it  can  conduct  electricity,  and  that  a  body  placed 
behind  this  screen  gets  a  negative  charge,  so  that  the  side  of  the 
litui  away  from  the  cathode  rays  acts  itself  like  a  cathode  though 
kepi  permanently  to  earth.  In  the  case  of  tlio  thick  brass  the  effect 
■Miiiin  much  more  likely  to  be  due  to  a  sudden  change  in  the  potential 
of  tha  outer  cylinder  at  the  places  where  the  rays  strike,  rnthor  than 
to  the  peovtratioti  of  any  kinds  of  waves  or  rays.  If  the  discharge  in 
the  tabe  was  perfectly  continuous  the  potential  of  the  outer  cylinder 
would  be  constant,  and  since  it  is  connected  to  earth  by  a  wire  through 
which  DO  considerable  current  flows,  tlie  potential  must  ho  approxi- 
mately that  of  the  earth.  The  discharge  there  cannot  bo  coutiuuous; 
the  negnttvu  charge  must  come  in  gusts  against  the  curls  of  the 
eylind<ir,  coming  S')  suddenly  that  the  electricity  has  no  time  to  dis- 
Irihate  itself  over  the  cylinder  so  as  to  shield  off  the  inside  from  the 
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tilectroBtatic  nction  of  the  cathode  rays  ;  this  foroe  peQetratei  thai 
cylinder  and  produces  a  discharge  of  electricity  from  the  tax  sidaf 
of  the  brass. 

Another  efibct  which  I  believe  is  due  to  the  negative  electrifica- 
tion carried  by  the  rays  is  the  following.  In  a  very  highly  exhausted 
tabe  {>rovidod  with  a  metal  plug,  1  have  soinetimoa  observed,  after 
the  coil  has  been  turuod  otf,  bright  patches  on  the  glasa ;  these  are 
deflected  by  a  magnet,  and  seem  to  be  caosed  by  the  plug  getting 
Boch  a  large  negative  charge  that  tho  negative  electricity  oontinnes  to 
stream  from  it  after  the  ooU  is  stopped. 

An  objection  sometimes  urged  against  the  view  that  these  caihodt 
rays  comiist  of  charged  particles,  is  that  they  are  not  deflected  by  an 
electrostatic  force.  If,  for  example,  we  make,  as  Hertz  did,  the  rajs 
para  between  plates  connected  with  a  battery,  so  that  an  electrostatio 
force  acta  between  these  plates,  the  cathode  ray  in  able  to  traveiM 
this  space  without  being  do&ected  one  way  or  the  other.  We  most 
remember,  however,  that  tho  cathode  rays,  when  they  pass  through  a 
gas  make  it  a  conductor,  so  that  tho  gas  acting  like  a  conductor 
Burocns  off  tho  electric  force  from  tho  charged  particle,  and  when  the 
plates  are  immersed  in  the  gas,  and  a  definite  potential  diffarenoo 
established  between  tho  plates,  the  conductivity  of  the  gas  close  to 
the  cathode  rays  is  probably  enormously  greater  than  the  avengt 
conductivity  of  the  gas  betwoea  the  plates,  and  the  potential  gradieot 
on  the  cathode  rays  is  therefore  very  small  compared  with  the  avenge 
potential  gradient.  We  con,  however,  produce  electrostatic  results  if 
we  put  the  conductors  which  are  to  deflect  the  rays  in  the  dark  spaM 
next  the  cathodo.  I  have  here  a  tube  in  which,  inside  the  dark  spaos 
next  the  cathode,  two  conductors  are  inserted ;  the  cathode  rays  start 
from  the  cathode  and  have  to  pass  between  these  condnctors;  \i, 
now,  I  connect  ouo  of  these  conductors  to  earth  there  is  a  deodfid 
deflection  of  the  cathode  rays,  while  if  I  connect  the  other  electroda 
to  earth  there  is  a  deflection  in  the  opposite  direction.  I  ascribe  this 
deflection  to  the  gas  in  the  dark  space  either  not  being  a  oonduotor 
at  all,  or  if  a  conductor,  a  poor  one  compared  to  the  gas  in  the 
main  body  of  the  tube. 

GoldBtein  has  bhown  that  if  a  tube  is  furnished  with  two  cathodes, 
when  the  rays  from  one  cathode  pass  near  tho  other  they  are  repelled 
from  it.  This  is  just  what  would  happen  if  tho  dark  space  round  tbs 
electrode  were  an  insulator,  and  ao  able  to  transmit  eloctrostatio 
attractions  or  ropnlsionH.  To  show  that  the  gas  in  the  dark  spaoa 
difTem  in  its  properties  from  the  rest  of  the  gas,  I  will  try  the  follow- 
ing  experiment.  I  have  here  two  spherical  bulbs  connected  togetlMf 
by  a  glass  tube ;  one  of  these  bulbs  is  small,  the  other  large ;  tbey 
each  contain  a  cathode,  and  the  pressure  of  tho  gas  is  such  that  tho 
dark  B}Uice  round  the  cathodo  in  the  small  bulb  completely  fills  the 
bulb,  while  that  round  the  one  in  the  larger  bulb  does  not  extend 
to  tho  walls  of  the  bulb.  The  two  bulbs  are  wound  with  wire,  whiob 
connects  tho  outsides  of  two  Ley  den  jars ;  the  insides  of  theie^ 
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•re  connected  with  the  terminals  of  a  Wimsborst  machino,  When 
spiurks  {1088  between  theee  terminals  corrents  pass  tliroagb  the  wire 
which  iudace  corrents  in  the  bulbs,  and  cause  a  ring  discharge  to 
pass  through  them.  Things  are  so  arranged  that  the  ring  is  faint  in 
tbe  larger  bulb,  bright  in  the  smaller  one.  On  making  the  wires  in 
these  bulbs  cathodes,  however,  the  discharge  in  the  small  bulb,  which 
it  filled  by  the  dark  space,  is  completely  stopped,  while  that  in  the 
larger  one  becomes  brighter.  Thns  the  gas  in  the  dark  space  is 
changed^  and  in  the  opposite  way  from  that  in  the  rest  of  the  tube. 
It  itt  remarkable  that  when  the  coil  is  stopped  the  ring  discharge  on 
both  balbs  stops,  and  it  is  some  time  before  it  starts  again. 

The  deflection  excited  on  each  other  by  two  cathodic  streams 
wovld  wem  to  have  a  great  deal  to  do  with  the  beautiful  phosphor- 
Moant  figures  which  Goldstein  obtaine<l  by  using  cathodes  of  different 
•hapea.  I  have  here  two  bulbs  containing  catbwles  shaped  like  a 
CTDon ;  they  are  curved,  and  of  the  same  radius  as  the  bulb,  so  that  if 
llie  tays  came  off  these  cathodes  normally  tbe  phosphorescent  picture 
ungfat  to  be  a  cross  of  the  same  size  as  the  cathode,  instead  of  being 
of  the  same  sise.  You  see  that  in  one  of  those  bulbs  the  image  of 
tba  cross  oonsiats  of  two  large  sectors  at  right  angles  to  each  other, 
bounded  by  bright  linos,  and  in  the  other,  which  is  at  a  lower  pres- 
mre,  the  geometrical  image  of  the  cross,  instead  of  being  bright,  is 
dark,  while  the  luminosity  occupies  the  space  between  the  arms  of  the 


Bo  far  I  have  only  considered  tbe  behaviooi  of  the  cathode  rays 
inaidn  the  bulb,  but  Lenard  has  been  able  to  get  those  raya  outside 
the  tnbo.  To  this  ho  lot  the  rays  fall  on  a  window  in  the  tube,  made 
of  thin  aluminium  about  i^ffth  of  a  millimetre  thick,  and  ho  found 
that  from  this  window  there  proceeded  in  all  directions  rays  which 
were  deflected  by  a  magnet,  and  which  produced  phosphorescence 
wben  they  fell  upon  certain  substances,  notably  upon  tissue  paper 
■oakedjin  a  solution  of  pcntadekaparalolylketon.  The  very  thin  alu- 
minium ia  difficult  to  got,  and  Mr.  McClelland  has  found  that  if  it  is 
Dot  nocessary  to  maintain  tho  vacuum  for  a  long  time,  oiled  silk 
■MWVIB  Admirably  for  a  window.  As  the  window  is  small  the  phos- 
phoccteeot  patch  produced  by  it  is  not  bright,  so  that  I  will  show 
HM^j^ii  the  other  property  of  the  cathode  rays,  that  of  carrying  with 
Utoa  a  negative  charge.  I  will  place  this  cylinder  in  front  of  the 
hola,  eonnoet  it  with  tho  electrometer,  turn  ou  the  rays,  and  you  will 
•M  the  cylinder  gets  a  negative  charge ;  indeed  this  charge  is  large 
•MMgh  to  produce  the  well  known  negative  figures  when  the  rays  fdl 
<a  a  piece  of  ebonite  which  is  afterwards  dusted  with  a  mixture  of 
nd  lead  and  sulphur. 

FroD  tbe  experiments  with  tho  closed  cylinder  we  have  seen  that 
vhea  tbe  negative  rays  como  up  to  a  surface  even  as  thick  as  a  milli- 
BMlra,  tbe  opposite  side  of  that  surface  acts  like  a  cathode,  and  gives 
off  tba  eathodic  mys ;  and  from  this  point  of  view  we  can  understand 
tbo  very  interesting  result  of  Lenard  that  the  magnetic  deflection  of 
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the  rnys  outside  tlie  tube  is  independent  of  the  density  and  chemical 
coRipiitiitiun  of  the  gas  outside  the  tube,  though  it  varies  very  much 
with  the  presBure  of  the  gas  ineide  the  tube.  The  cathode  rays  could 
V>o  started  by  an  electric  impulse  nhicb  would  depend  entirely  od 
what  was  going  on  inside  the  tube ;  since  the  impulse  is  the  same 
the  momentum  an^uired  by  the  particles  outside  would  be  the  same, 
auil  as  the  curvature  of  the  path  only  depends  on  the  momeutuiD,  the 
path  of  those  particles  outside  the  tube  would  only  depend  on  the 
state  of  affairs  inside  the  tube, 

The  investigation  by  Lcuard  on  the  abeorption  of  these  rays  showi 
that  there  is  more  in  his  experiment  than  is  covered  by  this  oonsideri- 
tion.  Lenard  measured  the  distance  these  rays  would  have  to  tiaTcl 
before  the  intensity  of  the  rays  fell  to  one-half  their  original  value 
The  results  are  given  in  the  following  table  : — 


I 


SatMUnce. 


Hydrogen  (3  mm.  press.) 

(760)..      .. 
Air  (0-760  mm.  press.) 

80,       

Collodion     , 

Glnu 

Aluminium 

SUrer 

Gold     .. 


Ouefflflfnt  of 
AtaaorptloD. 


0-00149 

0-476 

3-42 

8-51 
3.310 
7,810 
7.150 

32,200 

53,600 


Demitj. 


0- 000000368 
0-(X»00184 

0' 0012a 

0-00-i71 

11 

2  47 

2-70 
10-5 
19-3 


Mmltj 


4040 
5640 
2780 
3110 
3010 
3160 
2650 
3070 
2860 
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We  see  that  though  the  densities  and  the  coefficient  of  abeorption 
vary  enormously,  yet  the  ratio  of  the  two  varies  very  little,  and  tie 
results  justify,  I  think,  Lenard's  oonolusitm  that  the  distance  threngb 
which  thuso  rays  travel  only  depends  on  the  density  of  the  substanoe 
— that  is,  the  mass  of  matter  par  unit  volume,  and  not  upon  the 
nature  of  the  matter. 

These  u umbers  raise  a  quoetion  which  I  have  not  yet  touched 
upon,  and  that  is  the  size  of  the  carriers  of  the  eleotrio  charge.  An 
thoy  or  are  they  not  the  dimeoBions  of  ordinary  matter? 

Wo  see  from  Louard's.  table  that  a  cathode  ray  can  travel  throagb 
air  at  atmospheric  pressure  a  distance  of  about  half  a  centimetre 
before  the  brightness  of  the  phosphoresceace  falls  to  about  one-half 
of  its  original  value.  Now  the  moan  free  path  of  the  molecule  of  eir 
at  this  preBsure  is  about  10-' om.,  and  if  a  molecule  of  air  were  pro- 
jected it  would  lose  half  its  momentum  in  a  space  comparable  irith 
the  mean  free  path.  Even  if  we  suppose  that  it  is  nut  the  same  molecule 
that  is  carried,  the  effect  of  the  obliquity  of  the  collisions  wonW 
reduce  the  momentum  to  one-half  in  a  short  multiple  of  that  path. 

Thus,  from  Lenard's  experiments  on  the  absorption  of  the  ray* 
outside  the  tube,  it  follows  on  the  hypothesis  that  the  cathode  Ttji 
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are  charged  particles  moving  with  high  velocities,  that  the  size  of 
the  carriers  most  bo  small  compared  with  the  dimoDBions  of  ordinary 
atoms  or  molecules.  The  assumption  of  n  state  of  matter  more  finely 
subdivided  than  the  atom  uf  an  element  is  a  somewhat  startling  one  ; 
but  a  hypothesis  that  would  involve  somewhat  similar  consequences 
— vi«.  that  the  so-called  elements  are  compounds  of  some  primordial 
element — has  been  put  forward  from  time  to  time  by  various  chemists. 
Thus,  Front  believed  that  the  atoms  of  all  the  elements  were  built  np 
of  atoms  of  hydrogen,  and  Mr.  Norman  Lockyer  has  advanced  weighty 
arguments,  founded  on  spectroscopic  consideration,  in  favour  of  the 
uomposite  nature  of  the  elements. 

Let  08  trace  the  oonsequonce  of  supposing  that  the  atoms  of  the 
daments  are  aggregations  of  very  small  particles,  all  similar  to  each 
other :  we  shall  call  such  particles  corpuscles,  so  that  tLe  atoms  of 
the  ordinary  elements  are  made  up  of  corpuscles  and  holes,  the  holes 
being  predominant.  Let  us  suppose  that  at  the  cathode  some  of  the 
aoleoulee  of  the  gas  get  split  np  into  these  corpuscles,  and  that  these, 
charged  with  negative  electrici^  and  moving  at  a  high  velocity,  form 
the  cathode  rays.  The  distance  these  rays  would  travel  before  losing 
a  given  fraction  of  their  momentum  would  be  proportional  to  the 
mean  free  path  of  the  corpuscles.  Now,  the  things  these  corpuscles 
■trike  against  are  other  corpuscles,  and  not  against  the  molecules  as 
a  whole  ;  they  are  supposed  to  be  able  to  thread  their  way  between 
the  interstices  in  the  molecnle.  Thus  the  mean  free  {)ath  would  be 
proportional  to  the  number  of  these  corpuscles ;  and,  therefore,  since 
each  oorpiucle  has  the  same  mass  to  the  mass  of  unit  volume — that 
ia,  to  the  density  of  the  substance,  whatever  be  its  chemical  nature 
or  physical  state.  Thus  the  mean  free  path,  and  therefore  the  co- 
cSoent  of  absorption,  would  depend  only  on  the  density;  this  is 
pradMly  Lenard's  result 

We  Boe,  too,  on  this  hypothesis,  why  the  magnetio  deflection  is 
the  Mune  inside  the  tube  whatever  be  the  nature  of  the  gan,  for  the 
carrien  of  the  charge  are  the  corpuscles,  and  these  are  the  same 
whatever  gas  bo  nsed.  All  the  carriers  may  not  bo  reduced  to  their 
loveat  dimensions;  some  may  bo  aggregates  of  two  or  more  cor- 
puclee ;  these  would  be  differently  deflected  from  the  single  corpuscle, 
thm  we  shonid  get  the  magnetic  spectrnm. 

I  have  endeavoured  by  the  following  method  to  get  a  moasnre- 
ment  of  the  ratio  of  the  mass  of  these  oorpuscles  to  the  charge 
oarritxl  by  them.  A  double  cylinder  with  slits  in  it,  such  as  that 
oacd  in  a  former  experiment,  was  placed  in  front  of  a  cathode  which 
waa  carved  so  as  to  focus  to  some  extent  the  cathode  rays  on  the 
•lit ;  behind  the  slit,  in  the  inner  cylinder,  a  thermal  junction  was 
plaeed  which  covered  the  opening  so  that  all  tho  rays  which  entered 
lb*  alit  struck  against  tho  junction,  tho  junction  got  heated,  and 
knowisg  the  thermal  capacity  of  the  junction,  wo  could  get  tho 
awmhanifial  equivalent  of  tho  heat  conuuunicatod  to  it.  The  doflec- 
of  Uia  electromotor  gave  tho  chargo  which  entered  the  cylinder. 
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Thns,  if  ihere  are  N  particles  entering  the  cylinder  ewh  m\h  > 
ofaargo  e,  and  Q  is  the  charge  injside  the  cylinder, 

The  kinetic  energy  of  these 

where  W  is  the  mechanical  equivalent  of  the  heat  giren  to  tlie 
thermal  junction.  By  measuring  the  oorratore  of  the  rays  for  t 
magnetic  field,  we  get 
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In  an  experiment  made  at  a  very  low  pressure,  when  the 
were  kept  on  for  about  one  second,  the  charge  was  sufficient  to  wse 
a  capacity  of  I  ■  6  microfarads  to  a  potential  of  16  volts.    Thus 

Q  =  2-4x  10-«. 

The  temperature  of  the  thermo  junction,  whose  thermal  capaeiiy 
was  0'005  was  raised  3*8^  0.  by  the  impact  of  the  rays,  thus 

W  =  3-3  X  0-005  X  *-2  X  10» 
=  6-3  X  10*. 

The  value  of  I  was  280,  thus 

-  =  l-6x  10-'. 

0 

This  IB  very  small  compared  with  the  value  10"*  for  the  rabo  i 
the  mass  of  an  atom  of  hydrogen  to  the  charge  carried  by  it  If 
the  result  stood  by  itself  we  might  think  that  it  was  probable  tlut 
e  was  greater  than  the  atomic  charge  of  atom  rather  th&u  that  * 
was  less  than  the  inaBs  of  a  hydrogen  atom.  Taken,  however,  in 
conjunction  with  Lenard's  results  for  tho  absorption  of  the  oathodt 
rays,  those  numbers  seem  to  favour  the  hypothesis  that  the  oarrieil^ 
of  the  charges  are  smaller  than  the  atoms  of  hydrogen. 

It  is  interesting  to  notice  that  the  value  of  e/m,  which  we  l***] 
found  from  the  cathode  rays,  is  of  the  same  order  as  the  value  10"*  f 
deduced  by  Zeeman  from  his  experiments  on  the  effect  of  a  magsBtit  ] 
field  on  the  period  of  the  sodium  light. 
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ANNUAL    MEETING, 
Saturday,  May  1,  1897. 

8n  Javes  Crichtox-Browkw,  M.D.  LL.D.  F.R.S.  Treasurer  and 
Vice-President,  in  the  Chair. 

The  Annual  Report  of  the  Committee  of  Vimtors  for  the  year 
896,  testifying  to  tbe  continued  proHperity  and  efScient  management 
f  the  Institution,  was  read  and  a^loptcd. 

Fifty-eight  new  Members  were  elected  in  1896. 

Sixty-four  Lectures  and  Nineteen  Evening  Discourses  were 
•livered  in  1896. 

The  Books  and  Pamphlets  presented  in  1896  amonntod  to  about 
74  Tolaniee.  making,  with  6'21  volumes  (including  Periodicals  bound) 
urchosod  by  the  Managers,  a  total  of  895  volumes  added  to  the 
library  in  the  year. 

Thanks  were  voted  to  the  President,  Treasurer,  and  the  Honorary 
roretaty,  to  the  Committees  of  Managers  and  yisitors,  and  to  the 
rofeaaoTB,  for  their  valuable  services  to  the  lastitutioD  during  the 
Wljtmr. 

The  following  Gentlemen  were  unanimously  elected  as  Officers 
the  ensuing  year : 

Pr«8idbst— The  Duke  of  Northumberland.  K.G.  D.C.L.  LL.D. 
TasASCBiK — Sir  James  Crichton-Brownc,  M.D.  LL.D.  F.H.S. 
Sbomctart— Sir  rrederick  Bramwell,  Bart.  D.C.L.  LL.D.  F.R.S. 
M.  Last.  C.E. 


Mawaghis. 

JiM,  Bvt.  K.C3.  D.C.U  LL.D. 


I  VoB.  ArDiar  June*  Balfoar,  M.P. 
'  |i  y  K  R  S 

ilfc  Ita^'.  E<q.  C.B.  F.R.S.  M.  luUCE. 
Crwko.  K»q.  F.B.S. 
fwiill*!!-!,  fjv\.  P.C.L.  LLD.  r.KS. 
M.  lMt.C.E. 
Hood.  M.[>.  F.R.C.P. 
■:  K.R.8.  r.R.C.S. 
'  C.L  LLD.  K.R..S. 
;     •«,  M.D.  D.C.L  LL.D. 

I.  t»q.  Ph.D.  F.R.S. 
illUm  hii«k«r,  £s<|.  M.A.  D.Sc.  F.R.S. 
M  fbnith,  E«|.  K.K.A.S.  F.H.K. 
,  Sir  JtraM  Stlrliog,  M.A.  LLD. 
rTkompmi,  K.R.C.S.  V.R.k.S. 


I  TlBITOBS. 

Sir  Jamea  Blyth,  Dart. 
William  Arthur  Itratley,  M.D.  M.R.C.S, 
Edward  Dent,  E»q. 

John  Atnbroae  Fl«miag,  Eaq.  M.A.  D.Sc.  K.R.S 
Edward  Kraftraeier,  Eaq. 
Sir  Francia  Ulting,  M.D. 
Hugh  L«uaaH,  £si].  M.  Init.  C.E. 
Sir  Phili[i  Mnijnui,  J. P. 
T.  bimbcrt  M*Br*,  E»q.  M.A.  LL.D. 
Lachlan  Mackintoah  Kate,  E«q.  M.A. 
ThoniM  Tyrer,  foq.  K.C.S.  F.LC. 
Rog«r  William  Wallnco,  Esq.  Q.C. 
John  Wesllakp.  E«q.  Q.C.  LL.D. 
Hia  HoDoor  JaJge  Frederick  Mca<lowi  Whllv, 

Q,C. 
Jamea  Wimahurit,  Eaq. 
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GENERAL  MONTHLY  MEETING. 

Monday,  May  3,  1897. 

Sn  Jamu  Cbicbton-Bbowss,  M.D.  LL.D.  F.R.S.  Treaaofer  i 
Vice-President,  in  the  Chair. 

Charles  Elmer  Sonthwell,  Esq. 
Mrs.  Silvanus  P.  Thompson, 

were  elected  Members  of  the  Royal  Institntion. 

The  Bight   Hon.  Lord   Rayleigh   was  re-elected   ProfiMSor  of 
Natural  Philosophy  in  the  Boyol  Institution. 

The  Pbksents  received  sinoe  the  last  Meeting  were  Isad  cm  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  riz.  :— 


The  Beertiary  of  SlaU/or  /miia— Archwological  Survey  of  India,  Vol.  VI.  Thi 

Muhjunnisdan  Arohiteotore  of  Bbarocb,  Cambuy,  DhoLka  Chanipanir  tod 

OajamL    By  J.  Bareew.    1896.    4tQ. 
The  Oovemor-G aural  of  /nrfia— Geological  Snrrej  of  India :  Reoord«,  VoL  XXX. 

Parti.    8to,    1897. 
The  MetetmHiigical  Office — Report  of  the  Blctetirologica]  Council  to  the  Boy»l 

Society.    8vo.     1896. 
Aeeademia  dei  Lincei,  liealt,  Roma — Claisc  di  Scienze  Fisiche,  Mfttenatieba  « 

Naturali.    Atti,  Scrio  QniiiU  :  Rendioonti.    1°  BemeBtre,  Vol.  VI.  Fue.6,'. 

Claase  di  Scienze  Morali,  Ac.     Serie  Quinta,  Vol.  VI.  Fbm.  1.    Svo.    1897. 
Amrriean  Auoeiaiion  for  the  Advanremmt  of  Science — Proceetjinga,  45th  Meeting 

at  Buffalo.  N.Y.  1896.    8vo.     1897. 
American  Aeademy  of  Arte  and  Scieiuxe — Proceedings,  New  Beriea,  VoL  XXII. 

No«.2-4.    8va     1896-97. 
Memoir*.  Vol.  XII.  No..  2,  3.     ^to.     1896. 
American  GeogrmJitMl  Societi/ — Bulletin,  Vol.  XXIX.  No.  1.    Sn.    1897. 
Atialie  Society,  Hoyai — Journal  for  April,  1897.    8vo. 

Antrvnomieal  Society,  /JoyrtJ— Monthly  Notices,  Vol.  LVD.  No.  5.    8to.    IW. 
Bankers,  In»(ilute  i//— J'uirnal,  Vol.  XVill.  Port  4.     8vo.     1897. 
Birkfit,  John,  Etq.  P.R.C.S.  .V.fi./.— Dtu  Ideea  NapoWoniennea.    Par  to  Tnac* 

Napol<V)n-LouiB  Bonaparte.     8vo.     1839. 
Bofion  Publie  Liferarj/— Monthly  Bulletin,  Vol.  II.  No.  4,     8vo.     1897. 
Botanif  Society,  ftoHo/— Quarterly  Record,  Vol.  VI.  No.  68.     Bra.     1896. 
Bouloffne-eur-mer,  Chambre  de  Commerce — Worka  at  the  Port  of  Boulogiie  w^ 

Plang.     fol.     1896. 
Britith  Architect*,  Royal  Inetitute  o/— Jonmal,  3rd  Seriea,  Vol.  FV.  No*  II,  li 

4to.     18il7. 
Brilifh  Attronomieal  Aiforialion — Memoirs,  Vol.  VL  Part  2,    8vo.    1897. 

Journid,  Vol.  VII.  No.  .■).     8vo.     1897. 
Camtta  Cltth — Journal  for  April,  1897.    8vo. 

Chimieal  Indmtry,  Socitty  o/— Journal,  Vol,  XVI.  No.  3.    8»o.    1897. 
Chemical  SonV/y— Journal  ffir  March-April,  1H97.    8vo. 

Prortedirgfl,  Index  to  Vol.  XII.     8vo.     1897. 
Cracftvie,  I'Acadimie  df*  Setfnc*-*— Bnlletic,  1897,  No.  2.     8to. 
Cutter,  Epkraim,  En].  LX<.U.— Vuriou*  Papers  on  Medical  SuhjecU.    Stbi    I^' 
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er»'  JoumnI  for  April,  1897.    870. 

ileal  News  for  April,  1897.     4to. 

lUt  and  Driiggiat  for  April.  1897.    8ro, 

»tioD  for  April.  181*7. 

Tical  Engineer  for  April,  1807.    fol. 

aricitl  Engineering  for  April,  1807.    8to. 

riOHl  Keriew  for  April,  1897.    8vo, 

Ticity  for  April,  1«>7.    Sjo. 

neer  for  April,  1897.     foL 

Deerine  for  April,  1897.     fol. 

aBoptithic  Review  for  April,  1897.    8vo. 

|mm!«1  Journal  for  April,  1897.    8to. 

■n  and  Iron  for  April.  18l>7.    foL 

mm  for  April,  1897. 

nl  of  Pliyiical  Cbeiiiistry  for  April,  1897. 

lal  of  State  Medicine  for  April,  1897.     8to. 

Journal  for  April.  1897.    8vo. 

niiiK  for  April.  1897.    8to. 

tin  Technical  1-xianttion  G&7ett«  for  April,  1897. 

inery  Market  for  April,  1897.     8vo. 

It  for  April,  18<.t7. 

W  for  April.  1897.     4to. 

Book  Lint  fnr  April.  1897.     8vo. 

Qiarrb  Ma:.;azine  for  April,  1897.    8vn. 

0  CiiDPiito  fnr  March,  1897.    8to. 
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Vice-Preflident,  in  the  Chair. 


Antbomt  Hops  IlAWKrNB,  Esq. 
Bonance. 


Mt  object  in  tLe  remarks  which  I  am  to  have  the  honour  of  addressitig 
to  you  to-night  is  to  attempt  to  define  in  some  degree  the  meaning  ttid 
fanction  of  romance  ns  a  quality  in  literature ;  and  altboagh  romniKe 
is  to  be  found  in  many  kinds  of  literature,  I  think  you  will  not  ouly 
forgive,  but  will  also  approve,  if  1  discuss  it  from  the  point  of  vie* 
of  the  species  on  which  alone  even  your  indulgence  could  seem  to 
give  me  any  right  to  Bpeak—  that  of  prose  fiction.  As  regards  namea- 
clatnre,  there  is  at  the  i)resent  time  a  tendency  in  some  quarters  to 
distinguish  between  voveU  and  romancei ;  but  I  think  that  the  olJer 
and  more  authoritiitive  usage  in  English  is  to  employ  novel  as  the 
generic,  romance  as  the  specific  term.  In  this  latter  way  I  shall  XM 
the  words  to-night:  and  I  shall  ask,  to  put  my  questions  broadly, 
What  are  the  chiiractcnstics  whoso  presence  in  a  novel  leads  QS  to 
call  that  novel  a  romance ;  and  what  is  the  share  of  romance,  as  % 
quality,  in  the  work  that  novels  have  to  do  ?  The  terms  wliich  are 
popularly  opposed  to  romance — realism  and  the  realistic — I  shall  not 
deal  with  further  than  in  so  far  as  they  may  occur  incidentally  in  the 
course  of  my  proper  inquiry.  It  may  be  doubted  whether  the  anti- 
thesis, admitti'dly  rough  and  ready,  is  not  in  fact  so  partial  and  so 
clumsy  as  to  be  devoid  of  any  merit  as  a  guide  in  thinking,  though  it 
may  by  fiamiliarity  have  acquired  some  convenience  as  a  catchwori 
Speaking  in  a  place  mainly  devoted  to  the  study  of  exact  soieDeat, 
I  would  add  that  I  must  beg  for  some  allowance  if,  in  treating  of  ■ 
subject  of  an  inexact  nature,  and  of  an  art  not  very  amenable  to  stnVt 
rules,  my  conclusions  are  affected  by  a  certain  degree  of  Tagnenes* 
and  teutativeuess.  The  true  meaning  which  underlies  ordiii*ry 
phraseology  is  not  always  easy  to  discover,  and  rigid  dogmatism  of 
statement  would  befit  neither  the  topic  nor  the  speaker.  At  the  9*309 
time  I  may  here  and  there,  owing  to  a  dcaii-e  for  brevity,  seem  to 
assert,  where  my  real  intent  is  only  to  suggest  matter  for  your  ccd- 
sideration. 

Romance,  then,  being  a  certain  quality  in  literature,  and  literttnn 
being  (so  far,  anyhow,  as  novels  represent  it)  a  picture  of  some  »()* 
or  aspect  of  life — for  these  two  preliminary  steps  in  the  orgunient  il 
aeems  safe  to  assume — the  presence  or  absence  of  romance  mn**  I* 
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dne  either  to  tho  choice  of  the  aspect,  or  to  its  trentraent,  or  to  a 

•ombinatioii  of  these  two.     Novr  every  novel  which  (if  I  may  ubq  the 

phrase)  knows  its  own  mind,  may  bo  analysed  into,  first,  tbe  thome, 

Aod  aeoondly,  the  things  which  exist  for  the  pake  of  the  theme — the 

•oxiliaries;  that  is  to  say,  into  the  thing  which  it  was  the  writer's 

end  and  object  to  exhibit,  and  tho  various  moans  and  devices  by  which 

lie  endeavoars  to  make  the  exhibition  of  it  as  clear,  as  com|ilete,  and 

striking  as  possible.     For  tho  ossentiiil  character  of  the  book  wo 

tanst  look  not  at  the  auxiliaries  but  at  the  theme  ;  indeed  it  is  not 

•  tare  case  that  much  of  the  auxiliaries  should  be  in  violent  contnist 

with  the  theme,  seeking  that  menus  of  heightening  the  theme's  effect. 

^Ve  should  go  very  wrong,  then,  if  we  judged  the  character  of  the  book 

from  them :  it  is  always  the  themo  which  decides  that.     To  put  it 

'briefly,  the  auxiliaries  subserve  the  theme,  tho  theine  classes  the  book. 

^^^Again,  the  theme  is  nut  concerned  with  incidents  as  such.     I 

^^Bnot  approach  the  borders  of  metaphysics  and  ask  whether  there 

Muiy  such  thing  as  an  incident  as  such,  or  could  be ;  I  am  happily 

at  liberty  to  waive  that  question,  and  to  content  myself  with  observing 

tbat  at  any  rate  incidents  as  such — incidents  not  in  relation  to  a  mind 

perceptive  of  them,  I  mean — are  not  the  subject  of  novels.    The  theme 

oetls  with  people  passing  thrmigh  incidents,  and  shows  how  they  are 

affected  thereby :  their   thoughts,  feelings,  emotions,  and  volitions. 

The  incideute  are  means,  not  ends,  and,  to  use  the  common  metaphor, 

JtMt  u  truly  a  bftckgroand  to  the  picture  sa  any  particular  locality  or 

•ay  liistorical  period  which  the  writer  may  select  for  the  staging  of  his 

Hiorj,    Th<!  truth  of  this,  if  not  self-evident,  yet  becomes  immediately 

•Ppapsnt  when  wo  observe  that  we  can  go  a  very  long  way  towards 

«**nuing  incidents,  or  even  t<nvard8  dispensing  entirely  with  external 

M>eid«iilii.  without  affecting  the  identity  of  tho  theme ;  but  we  can 

^*whudly  a  single  step  in  the  direction  of  changing  tho  character 

•tto  people  with  whom  the  theme  is  concerned  :  it  becomes  plain 

•*  OBoe  that  a  pursuit  of  that  path  will  end  by  depriving  us  altogether 

•■what  we  set  out  to  tell,  and  leaving  ua  either  with  no  story  at  all 

™  *ilh  a  very  different  one.     Novels,  then,  are  not  about  things  or 

t*odMit«,  but  about  people.     It  miiy  be  objected  that  tlioy  are  also, 

'^•wDa  cases,  about  non-humau  animals.     Yes,  but  only  when  such 

i^toli  are  treated   as  p<3oplo — that  is  to  say,  with  an  aitificiality 

■BMb  tbe  writer's  talent  makes  us  accept  in  spite  of  a  mora  or  len 

^Hpnate  aenflc  of  ultimate  falsity. 

.  It  fidlowB  that  the  quality  which  ia  tho  subject  of  my  inquiry, 
■""•it  is  to  \>e  found  in  the  theme,  must  be  found  in  tho  peopto  and 
""•'n  the  incidents.  H<:re  common  wiiys  of  speaking  and  thinking 
•*™  to  be  to  some  extent  against  us.  When  tho  ordinary  mnn  — 
»n*n  uiyljody  who  is  not  at  tho  moment  trying  or  caring  to  think 
'***ly — speaks  of  a  romance,  no  doubt  ho  most  often  has  external  in- 
^ot*  in  hia  miud  ;  he  thitiks  of  fighting  perhaps, 


"  tlie  Iiiuee  point*  Klnntittgly — 
Athwart  ihp  iiioruing  sir." 


-2  0  2 


440 


Mr.  Anihmii  Hope  Ilnwhint 


[8£»y' 


Or  perhaps  ho  ban  in  hia  mind  luurdors  and  dark  intrigaos.    'S«fi9\ 
the   less   he   does    not   mean  the    snme  thing    when    he  says  ".Vj 
Romance"  as  bo  does  when  he   Rny«  "A  Detective  Story."     NorJ 
does  be  really  mean    to    assort   the   necessnry    iutrndaction  of  im- 
probability of   incident,  or   of  "  sensati  ins,"  or   of  strange  scones] 
or    strange    places— thongh    ha    would    say    that    all    these    tliiogfj 
were    certainly    oftou     pri'sent    in    mmances,   and     we    should    bsj 
oldigol  to  admit  the  jnstiee  of  his  rentark      Or  perhaps  he  wniildl 
maintain  that  a  plentiful  supply  of  love  making  is  the  hall-moriv  i)f1 
the  nimanco ;  and  again  wo  sliouM  agree  that  love-making  is  vrrjf 
common  and  is  apt  to  be  a  predominant  snbjtct  in  romance.     Uu(  bsl 
would  admit  on  reflL-ction  that  there  might  be  a  romance  of  aiobitian, 
or  of  religions  emotion,  c.r  of  Ji;Vi>ti«in  to  truth,  or  of  the  l'>vo  ofj 
bnmanity..    His  mistake,  in  fact,  wuuld  soeni  to  be  the  very  ordiiMryf 
one  of  taking  sejiarable,  though  frequent,  accidents  for  the  ess-enccl 
Anil  it  is  worth  noticing  that  the  common  speech  is  sometimes  mort 
nearly  right.     If  I  say  of  a  man,  "  He  hasn't  a  bit  of  romance  itt 
hini,"  I  do  not  mean   that  nothing  liappons  to  hitn — the  Tower 
Siloam  would  fall  on  roinautio  and  unrumantic  alike.    Nor  do  I  me^J 
that  he  never  makes  love.      He  may  inako  it  very  often.      1  xal 
characterising  the  quality  of  the  mitu's  mind,  not  his  fortunes  or  bill 
doings.     Wo  shall  see  later  on,  perhaps,  how  the  venial  error  of  oYiOJ-  ^ 
day  spoeeh  finds  its  excuse. 

Tiie  theme  in  which  we  are  to  diacver  the  romance  is  oonceme^] 
then,  nut  with  things  or  with  ineidents  hut  with  people.  But  it  if] 
concerned  only  with  parts  of  people.  Sometinu^s  we  reod  of  a  l>oi)fc,J 
"It  shows  UH  the  whole  man,"  and  the  remark  is  meant  as  pntitai 
But  it  is  not  to  be  read  literuUy,  or  it  is  not  praise.  Tou  must  tkdll 
to  it,  "  so  far  as  relevant  to  the  theme."  No  book  should,  or  fterhsiwl 
could,  show  the  whole  man  any  more  than  it  should  show  his  whulffi 
life.  This  is  familiar  ground,  and  I  need  not  labour  it.  A  Ixwk 
shows  more  or  loss  of  a  man,  first,  in  relation  to  a  similar  more  or  1«8 
of  other  [tcople,  and  secondly,  as  acted  on  by  the  chosen  incidentt, 
not  by  all  that  happens  to  him,  fur  the  grc4iter  {lart  of  that  eitber 
has  no  material  influence  at  all,  or  such  a  common  and  obvions  ons  H 
that  the  experience  of  the  reader  may  safely  be  loft  to  pro8up[>ose  it.  ■ 
Certain  foeliugs  of  a  man  or  sevend  men  are  the  ihomo  (.>f  a  oovd, 
and  arc  therefore  the  place  in  which  romance  is  to  be  found  or  the 
absence  of  it  to  be  noted. 

But  does  romance  He  in  the  choice  of  these  feelings  or  in  tbs 
treatment  of  them  ?  The  question  cannot  be  answered  quite  simpl.T- 
Not  in  the  choice  in  one  sense,  for  probably  any  nvt  of  emotion  migfa' 
be  selected,  nor  merely  in  tlie  tre^itment,  for  there  must  be  a  m»ten»l 
of  the  appropriate  nature.  Miserliness  does  not  sound  like  a  p>oi 
subject  for  romance,  yet  there  might  be  a  rotaance  of  miserlin««'I 
but  it  would  hiivo  to  bo  miserliness  in  cxcchis,  and  unless  it  were,  no 
skill  of  treatment  would  make  a  romance  out  of  the  theme.  Womi"' 
answer,  I  think,  that  the  hainis  of  romance  is  to  be  fotmd  in  therhoioe 
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of  a  special  case  of  some  emotion,  and  in  imparting  to  it  certain 

ial  inwlities  by  roeana  of  treatment. 

And  finit  in  roniruice,  tho  emotion  is  taken  nt  a  higli  pitch.  It  is 
0trnn<j  and  ttron^hj  felt ;  it  is  one  of  tlio  salient  fentuieB  of  the  man's 
charactor,  one  of  the  dctermimng  influence's  of  his  life.  Almost  of 
necessity  ii  follows  that  it  is  imaginative  in  character;  that  it  does 
not  acqnieiico  in  lituitatious  which  to  auotli(>r  iniud  might  seem  in- 
saperable ;  thut  it  sees  a  way  for  itself,  and  forcsucs  its  Ratisfaction 
with  a  cIcarnoBS  which  gives  to  it  persovoranco  and  reeolntion.  It 
may  be  noble,  but  will  nut  be  too  meek ;  it  may  be  wicked,  but  it 
mnst  not  bo  ftetty;  it  may  be  in  fact,  temporary,  but  no  decay  is 
▼iaible  iu  it  as  yet.  This  strength  of  emotion  seems  to  me  the  first 
characteristic  of  romance.  But  by  it)<elf  it  is  insufiiuient  for  our 
purpose.     It  must  be  taken  in  conjunction  with  the  secoml. 

All  literature  demands  abstraction,  just  as  any  other  inquiry  does. 
In  romance  abstraction  is  carried  further  than  in  writings  where  this 
qaality  is  not.  Not  merely  is  the  vaiu  attempt  to  show  the  whole 
man  and  his  whole  life  abandoned,  but  attention  is  directed  in  a 
special  degree  t(j  the  one  groat  emotion — or  perliaj)8  to  two  or  three 
great  and  conflicting  emotions,  whether  all  in  the  mind  of  one  person 
tir  assigned  to  tho  leading  actors  in  the  story.  The  small  emotions 
drop  out  or  are  minimised  ;  the  infinite  complication  of  motives  is 
avoided.  This  hij;b  degree  of  abstrtiction  results  in  giving  to  the 
chosen  emotion  a  character  of  simplicity;  it  is  cleiretl  from  tlie  in- 
tmsion  of  rivals  ;  it  is  exhibited  in  possession  of  the  field  ;  it  is  dis- 
«ntaugloti  from  the  aflairs  of  lite ;  or  if  the  theme  be  a  battle  between 
two  grout  enemies,  then  the  arena  is  cleared  for  their  struggle,  and 
tlie  amall  fry  arc  ke]>t  out. 

We  may  add  another  qnality,  which  is  really  a  resultant  of  this 
oniou  of  strength  aud  8ini[>licity.  The  emotions  of  romance  are 
«iitfS<i<mf.  As  their  strength  ctiuses  them  to  nmko  little  of  external 
hindtHUcea.  as  their  simplicity  frees  them  from  being  lost  in  the 
entauglementri  of  circumstances,  so  their  confidence  makes  them  not 
•clf-qnetitioning  but  self-asserting.  They  do  not  doubt  themselvop, 
or  impute  unreality  to  themselves,  or  ask  whether  they  aro  worth 
having  iu  the  end,  or  whether  the  objects  to  which  they  arc  directed 
are  worth  the  trouble  of  winning.     They  are  sure  of  themselves, 

y  to  give  an  account  of  themselves,  finding  in  themselves  their 
justification. 

In  tho*«  three  qualities  which  I  have  tried  to  indicate  are  to  bo 
foond,  I  think,  the  leading  characteristics  of  the  emotions  as  they  are 
■cli-ctcd  for  and  treated  iu  writings  of  a  romantic  character.  Anything 
Ml  dcfiniti!  as  a  definition  is  perhaps  rather  repugnant  to  the  subject, 
and  rrrtaitily  is.  as  it  always  is,  dangerous  to  the  speaker.  In  literury 
BuUtt-rK  ttj  make  a  ilL'Sniti<m  is — if  you  will  alluvv  mc  a  professional 

{Hiriwjn  — hardly  less  rash  than  to  write  u  stquel  ;  both  ucts  cause 
critical  eye  to  glance  t<jwards  the  critical  toinaiiiiwk.  Hut  I 
think  we  ahall  not  bo  very  fur  wrong  if  at  this  stago  wo  venture  tu 
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8&y  that  the  aim  of  romanco  is  to  exhibit  in  action  a  slrong.  simple, 
confident  emotion,  either  iu  exclusive  domiuotion,  or  in  conflict  with 
and  ultimately  triumphing  oyer  noe  or  mure  omotious  pot-seBfing  the 
name  qualities,  but  proving  in  the  end  either  less  persistcmt  or  ImA, 
fortunute.     No  particular  class  of  inoi'lents  is  essential,  no  Bp<.-ciaII 
scenes,  nu  special  aurroundin^s.     Neither  is  any  particolar  sort  of 
emotioti  eHfientiftl :  to  take  our  old  illustration,  a  snbliue  miserliness 
might  8tru<zgle  with  a  ket-n  parental  aflectiun,  and  a  good  romance 
describe  the  conflict.     But  whatoTor  the  iucidento,  the  scene  or  the 
emotion,  the  qualities  will  remain,      bume  strong,  simple  and  coD' 
fideut  emotion  will  dominate  the  persons.  Kba]>e  the  eventa,  and  deter* 
mine  the  character  uf  the  story.     The  tiisk  of  incidents  and  scene 
8im{ily  to  afford  a  stage  oud  tu  enhance  the  eifectiveneKS  of  the  drama. 
Let  me  illustrate  what  I  mean  by  a  glance  at  one  or  two  sorts  of 
novels  which  are  not  romances,     hemembor,  1  am  not  saying  tli 
they  arc  not — or  may  not  he — pofjd  novels,  only  that  they  have  not 
the  marks  of  romance.     I  will   take  the  emotion  of   Love — Love 
between  man  and  woman.     This  is  treated  in  novels  of  all  sorts,  and 
in  many  forms  of  literature  besides ;  that  is  ilue  to  its  universality, 
to  the  fact  that  it  ap^it-als  to  most  writers  and  the  c>-rtaiuty  that  it 
will  appeal  to  most  readers.     But  it  is  a  favourite  of  romance  not 
only  for  its  universality,  but  even  more  becituse  it  lends  itself  moi 
readily  to  the  characteristically  romantic  treatment.     Above  all  othi 
emotions  it  is  strong  and  resents  control,  it  is  simple  and  rises  above 
circumstances,  it  is  confident  and  self  ajiprovod.     But  every  uovd 
which  deals  with  love  is  not  romance.     For  example,  there  is  a  large 
class  of  novels  which  give  pictures  of  the  life  that  is  about  us  every 
day,  and  in  which  love  plays  a  part,  perhaps,  so  far  as  the  incideutl 
go,  a  leading  part.     But  the  love  is  not  a  subject,  it  is  rather  a  (fa/sM, 
it  happens,  it  is  nut  felt ;  it  occurs  at  a  certain  point  because  it  is  tiM 
proper  thing  to  occur,  the  natural  feature  of  the  young  man's  twenty- 
fifth  and  the  yomig  lady's  twentieth  year,  the  suitable  winding  up  "f 
the  series  of  social  sketches  of  which  the  novel  consists,  the  suitAblu 
recognition   of  whut  our  national  customs  in  regard  to  matrimony 
happen  to  be.     All  this  is  not   of  necessity  untrue  to  life,  nor  of 
necessity    uninterostiug   or   unamusing  or  uninforming ;  it  may  b« 
almost  anything  in  the  world  except  romance.     We  are  told  indewl 
that  Mr.  A.  and  Mi^-s  B.  are  in  love.     Even  so  did  Stage  Manager?  i» 
old  times  stick  up  a  board  and  write  on  it  "  This  is  Verona."    Welli 
we  take  your  word  for  it,  but  otherwise  it  might  as  well  have  been 
the  Arctic  regions.     In  this  sort  ot  book  love  is  merely  a  prepu« 
from  which  we  draw  the  eonclusion — marriage — but  what  the  emotinn 
of  love  itself  is  remains  undiscussed,  uudescribed,  to  all  appearance 
uncomprchended.     And   it  may   be  noticed  that  not   a   few  of  tli« 
novels  which  have  love  for  their  theme,  and  are  generally  calleih  aiw 
perhaps  call  thomselvos,  romances,  fail  in  this  respect.     U'ho  lo**^ 
making  is  itself  mechanical ;  it  does  not  rule  the  book,  and  wa  SR 
forood  to  Buspeot  tlie  writer  either  of  failing  to  ondoistand  ha  Uuoms 
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or  of  baviDg  confuKed  Lis  theme  and  Lis  auxilinrios  to  sucL  a  point 
that  the  passion  which  it  is  tbe  re&l  work  of  the  book  to  exhibit 
beooroes  no  mure  thnn  a  Bubordlnato  and  sometimes  a  tedious  incident 
in  it.  Why  are  thceo  books  not  romances?  It  is  bocauso  the 
■trength  of  the  emotion  i»  not  realised  or  exhibited,  there  is  no  power, 
no  imagination.  If  any  such  love-aifuir,  or  rather  marriago-arrange- 
ment,  as  I  have  indicated,  is  to  be  found  in  a  true  romanco  of  which 
lore  is  the  theme,  it  is  there,  not  for  its  own  sake,  but  us  an  auxiliary, 
naefal  by  way  of  contrast,  by  its  tamencss  heiglitening  the  efiect  of 
the  great  emotion  whose  exhibition  is  the  real  purpose  of  the  book. 

Take  another  class  of  novels,  I  am  io  a  difficulty  about  naming 
it.  If  I  say  analytical,  I  confuse  manner  and  mutter ;  if  I  say  real- 
istic, neither  you  nor  I  will  bo  sure  what  I  moan,  and  I  shall  probably 
giTe  u  wrong  impression.  Perhaps  I  may  take  refuge  in  the  semi- 
slang  phrase  which  came  into  vogue  a  little  while  ago,  and  B|)eak  of 
the  "  problem  novel."  Problem  novels  are  not  romance ;  tlio  reason  is 
not  the  same  as  in  the  previous  case ;  there  may  be  strength  ouough  and 
t>  spare  in  the  emotions  described.  Nor  is  it  because  the  emotion  is 
sometimes,  as  we  say,  illicit,  being  in  conflict  with  law,  or  morality, 
or  convention  ;  there  is  in  that  nothing  in  the  smallest  degree  incon- 
sistent with  romance — rather  does  romance  find  some  nf  its  finest 
opportunities  in  situations  so  created.  From  the  point  of  view  of 
romance,  the  fault  here  is  the  absence  of  simplicity  and  the  resulting 
want  of  confidence.  The  emotion  is  encumbered  and  complicated  ;  it 
is  sorronnded  by  rivaht ;  it  is  tortured  by  problems  social  and  ethical ; 
it  is  mixed  up  with  and  obsc^ured  by  questions  of  the  relative  duties, 
the  relative  rights,  the  relative  standards  of  men  and  women.  Inter- 
esting as  all  these  questions  are,  they  are  not  in  the  way  of  romauoo. 
Or,  again,  the  emotion  is  sapped  from  within ;  it  is  hesitating,  fearful, 
donbtfnl ;  it  asks  whether  it  really  exists,  or,  if  it  exists,  whether  it 
isn't  something  else  than  it  seems  to  be,  or  if  it  really  exists  and  really 
is  what  it  seems  to  be,  then  whether  it  has  any  business  to  exist,  or 
at  any  rate  to  be  what  it  is ;  or  again,  it  does  not  know  what  it  wants, 
moch  lesM  whether,  if  it  wants  it,  it  ought  to  want  it,  and  so  on. 
There  is  no  simplicity,  no  confidence ;  in  their  place  we  find  com- 
plexity and  8elf-<listruBt. 

Bat  of  coarse  it  is  not  always  so  easy  to  draw  the  line,  and  even 
thoagh  we  assume  every  confidence  in  the  formula  wo  havo  adopted, 
we  dioold  still  bo  puzzled  &om  time  to  time  bow  wo  ought  to  class 
a  noveL  We  should  not  hesitate  to  call  the  '  Vicar  of  Wakefield '  a 
romances  a  tme  case  of  romance,  notwithstanding  its  everyday  charac- 
ters and  scenes.  But  take  the  great  novels  of  manners — '  Tom  Jones/ 
or  *  Vanity  Fair,'  or  '  Pendonnis.'  In  the  broad  sweep  of  books  like 
these  there  » ill  bo  found  matter  of  a  romantic  character,  and  we  are 
tsapted  to  the  easy  course  of  some  such  division  as  one  of  pure 
and  mixed  romances.  But  I  fear  that  to  atli>pt  such  a  dis- 
would  be  rather  a  concession  to  mental  indoluuco  than  an 
to  the  truth  of  the  argument.    Wo  must  otik  again,  What  is 
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the  tbemo  ?  ami  hy  that,  wbon  wg  have  discovered  it,  we  m«y  jmlgu. 
We  shall  Gml,  I  think,  that  books  like  these  arc  not  romaijces,  b«caiise 
tho  rotuance  thut  is  in  them  is  subordinate  and  8Db$>idiar7.    Take 
either  '  Turn  Jones '  or  *  PttndenniK,' and  the  theme  seems  to  be  (I 
need  not  aay  that  I  speak  with  diffidence)  somethiog  more  raried  und 
something  more  complicated  than  romaDce  deals  with.     Wo  hare  ttie 
picture  of  a  yonng  man,  not  only  poBsing  through  a  groat  variety  of 
incidents,  but  himself  very  variously,  and  often  very  temp<irtirily, 
affected  by  them.     If  you  judge  chapter  by  chnpter  you  may  say  here 
and  there,  ^'  This  ia  romance  " ;  but  if  you  take  the  book  as  a  nholt 
you  will  say,  "  No,  thero  is  not  here  the  abstraction,  the  simplicity^ 
the  concentration  on  two  or  throe  great  emotions."     There  is  abs 
tion,  of  course,  but  not  in  the  high  degree  characteristic  of  romanco^ 
nor,  again,  has  any  one  or  any  two  emotions  the  ])nde  of  place  wtucli 
romance  assigns  to  them.     Yon  can  hardly  tie  the  writer  down  to  iiay 
narrower  thome  than  "  The  Way  of  the  UorLl."     The  roawm  dtn>« 
not  lie  in  the  number  of  characters  or  of  incidouta,  although  this  is  a 
probable  accompaniment  of  themi'8  of  such  a  uaturo.     Take  a  nor< 
or  ft  series  of  novels,  no  Icbr  expansive  in  treatment,  no  less  crowiii 
with  incidents  and  characters — the  story  of  D' Artngnan  and  the  Mm 
keteers      Wo  say  at  once,  "  Here  is  romance. '     Why?     As  it 
to  me,  bccanec,  in  spite  of  all  complexity,  in  spite  of  all  deviatio; 
in  spite  of  the  elaborate  and  miuiiUi  tracing  ont  of  purely  subijiJi 
incidents,  you  have  running  thnxigh  the  whole  book,  inspiring  it 
and    exhibited    in    it   all,  one   strong,  simple,  im|Ktrion8  passion 
emotion,  which  rnleH  the  lives  of  the  loading  characters  and  above  tU 
of  the  grrtat  hero.     Dumas'  trilogy  of  the  Musketeers  is  a  romance  J 
tho  joy  of  action — of  doing,  of  using  hand  and  brain.     These  men  d« 
not  much  mind  what  they  are  at.  but  they  must  hn  at  something,  aui 
this  great  desire  of  tlioira  despotically  overrides  every  other  einotioi 
and  every  consideration  that  endeavours  to  oppose  it.     They  canuot 
keep  still ;  they  ore  in  love  with  living.     This  temper  of  tlieirs— 
again,  above  ull,  of  D'Artagnau's — shapes  and   inspires  the  wlioU' 
book,   BO   that  kings  and  queens  and  cnrdiuals,  wars  and  plots  ftii<l 
amours,  exist  only  as  the  stago  on  which  it  may  exhibit  itself,  and  t» 
the  material  from  which  it  may  satisfy  its  monstrous  appetiio  f'T 
joyful  activity.     I  do  not  say  that  there  is  nothing  of  this  temper  in 
'  Tom  Junes,'  or  even  in  '  Pendcnnis,'  but  it  does  not  set  the  tone  flf 
the  book;  it  is  not  unimpeded,  it  is  no  more  than  an  element.  WouU 
it  be  possible  to  nay,  in  a  rough  att(;mpt  at  n  summary,  titnt  the  gn*' 
Englisljnieii  use  their  heroes  to  illustiato  tho  world,  but  that  the  gnMt 
Freuchmau  uses  the  world  to  satisfy  and  glorify  his  hero  ? 

But  all  writers  of  roniiiuce  are  not  such  as  the  creator  of  D'Artag"*" 
— I  mean,  of  course,  of  D'Artagnan  as  we  find  hira  in  the  niiveJ* 
They  cannot  wring  simplicity  out  of  an  almost  limitless  compliwi'''* 
of  persons  and  incidents  ;  they  cannot  follow  the  thread  ihrougli  * 
enormous  and  infinitely  winding  »  maze.  Tho  result  is  oiio  *l"*° 
was  foreshadowed  by  the  fact  that  the  ordinary  man — oorscke*  •' 
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Mm  others,  ^et  at  all  eventR  mora  easily  and  more  obviotwiy. 

f  teml  tu  BUggest  themselves  to  the  writer  of  rumauce ; 
;he  line  of  least  resiBtinco  along  which  bis  mind  travuls ; 
e  him  at  once  &b  snpplj^ing  the  most  efifectivo  stage  for  his 
emotion.  Snppose,  oiioe  more,  that  the  paRRion  of  love  in 
■'e  themev  It  is  to  be  strong,  persistent,  not  to  1k>  turned 
be  readiest  vruy  tu  display  these  qualities  is  to  ciHifrotit  it 
\  obetncles,  to  demauil  uf  it  great  sacriFiceB  an'l  cifotts,  to 
uau  who  feels  it  with  the  peril  of  diath.  'i'here  luny  he 
as  ^reat  as  that  of  life,  or  greater;  but  life  is  very  oliviously 
Mt  sacrifice,  and  appeals  as  f.uch  to  everybody,  even  to  those 
t  miss  the  poignancy  uf  B>nue  not  less  great  bnt  less  obvious 
f-devotion.  Again,  a  mark  of  love  in  thnt  it  takes  joy  in 
le  object  of  love,  iiud  perhaps  wo  may  add,  takes  an  especial 
tho  applause  of  tlie  object  of  love.  Hon'  better  show  this 
love,  and  thereby  reinforce  the  impression  of  tho  love's 
than  by  cuUMing  tho  lover  to  preserve  his  mistress  »vho  in 
ims  come  into  great  distress?  We  sec  at  once  how  fighting, 
t,  ai;d  all  60T\»  of  adventwres,  come  to  bo  so  common  in 
as  to  have  been  mistukeu  for  the  essence  of  that  of  which  they 
iccidt-ntal  oonc<  mitants,  aud  to  seem  to  be  the  theme  where 
»nly  particularly  handy  and  convenient  anxiliarit'S ;  for  you 
'erse  the  parts  and  make  the  theme  |)utriotiKiii  or  courage, 
I  M  an  auxiliary  ;  the  same  inc-iiloiits  wnnli)  Hcrve,  only  you 
P^  BO  to  say,  to  shift  tho  centre  of  gravity  ;  or  you  might 
iKle  between  the  two,  using  still  the  same  framework  of 

from  the  point  of  view  of  tho  simplicity  and  confidence  of 
m,  it  ia  naturally  felt  that  these  qualitii-s  are  most  ruadily 
in  hours  of  action,  and  are  at  their  jxime  in  moments  of 
pilaBA)^IUsLj^yUUJ^»w  ^^  imminent  danger  or  of 
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phrftse,  to  titke  them  in  the  spirit  in  which  they  tie  tneAot.  Their 
remotoucds  from  his  everyday  ex[>crieDoe  clears  from  his  mind  the 
evervday  atmospliere  in  whicli  he  liTe«,  and  jiersuades  him  into  on 
acquiescence  in  the  justice  of  tlie  picture ;  he  knows  that,  as  a 
geueral  rule,  he  docs  not  feel  his  emutiooB  in  just  this  form,  but  the 
novelty  and  stirring  nature  of  the  incidents  easily  convince  biiu  th«t, 
pliiccil  as  the  hero  wa«,  he  would  feel  as  the  hero  felt.  In  this  way, 
tlion,  what  are  generally  called  romautio  incidents  and  romantic  sar- 
roundmgs  are  of  rf<al  assistance  to  romance  in  the  proper  sense;  they 
both  aid  in  the  exhibition  of  the  matter  of  the  theme,  and  dispose  tho 
reader  to  accept,  approve  and  endorse  it ;  they  harmonise  with  the 
high  pitch  of  the  emotions  shown  in  action,  and  aSbrd  a  6t  settiug 
fur  them.  But  it  must  be  repeated  that  they  are  only  one  of  many 
settings,  not  bettor  than  others,  but  only  more  obvious,  more  ready, 
and  in  fact  more  easy  to  handle.  The  writer  prnpo  es  to  himself  a  less 
difficult  task  than  that  which  he  would  attonipt  if  he  dispensed  with 
these  auxiliaries.  Very  much  the  same  cousideratious  are  applicable 
to  what  are  called  historical  romances.  Here  again  tho  strangenefls 
of  scene,  the  remoteness  from  common  experience,  and  the  sense  that 
everyday  criteria  cannot  bo  applied,  help  the  reader  to  put  himself  at 
the  standpoint  of  the  characters,  and  thus  materially  assist  the  writer 
in  his  tisk.  There  is,  in  a  word,  less  chance  of  tho  reader  saying  ' 
"  I  shouldn't  feel  like  that,  or  act  like  that,  and  no  more  would  he." 

I  have  appr<iached  the  borders  of  a  question  which  1  must : 
wholly  avoid.     The  romancer  is  often  accused  of  dwelling  in  and 
inviting  his  readers  to  join  him  in  an  entirely  artificial  world,  c<irrp- 
spouding  to  nothing  in  rerum  nalura,  and  of  shirking  that  grappling^ 
with  the  facts  of  life  in  which  novelists  of  anotlier  schocil  lind  theij^^ 
bardofit  task  and  their  highest  glory.     This  charge  of  unreality  is  oo9^' 
which  romance  must  not  shirk,  but  must  face  and  analyse.     1  believe 
myself  that  the  accosatiou  owes  its  origin  in  a  great  degree  to  thd 
same  confusion  of  thought  which  has  been  already  noted — to  the  idet 
that  the  essenoo  of  romance  is  to  bo  found  in  the  incidents,  ratber 
thuQ  in  the  enintions.     For  the  emotions  surely  are  not  unreal ;  theT 
are  deep,  fundamental,  universal  in  human  nature.      Hut  although 
we    must    sturilily   assert   their    reality,    we    may,    without   sLioM 
and    without   heBitutioii,  admit  their    rarity    in    the    precise  fum 
in  which    rumanco  presents  them.      The  "  simple  case "  is,  I  iako 
it,  always  rare  in  nature;   it   has   to   be  extracted;   it  is  attaiuol 
as  the    result  of   a  very   high  degree  of  abstraction.      So  it  is  in 
literature ;    and    if   all    that  is    charged    against    the    characteristic 
IheineH  of  romance  is  that  ihey  are  not  often  to  be  seen  iu  iui<i>** 
turbod  operation  in  life  as  we  live  it,  the  charge  may  be  confflMei 
Itut  rarity  is  not  falsity ;  and  not  to  happen  very  often,  if  it  be  » 
fault,  is  B  fault  which  atiects  many  of  the  must  important  eveots  ia 
tho  world's  history.      Abstraction   is    not  the  falsification  of  fiu-u 
ordinarily  apparent,  but  rather  the  means  of  exhibiting  truths  onh- 
narily  hidden — overlaid,  as  it  were — by  the  multitude  of  circumfitann* 
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«n4  the  oomplicatioDa  of  oommoD  feelings.  Romance  does  not  claim 
to  reflect  all  lift),  but  certain  aspecta  of  lift)  to  which  it  gires  pro- 
minence. Tliose  are  not  the  aspects  with  which  tlie  pliysiciau  or 
the  atati.stician,  or  crea  the  logician,  is  primarily  concerne<l,  but  they 
are  true  and  important  aspects.  Komance  comes  to  bo  false  only 
when  it  allows  itself  to  forgot  its  own  true  nature  and  its  own  true 
fanction.  But  fur  every  form  of  literature  the  same  penalty  waits 
ou  tho  aamo  did.  What  is  ctillcd  the  realistic  novel  becomes  false 
when  through  an  inteniperate  adoration  of  mere  fact  it  forgets 
that  its  buatncBs  is  with  the  miii<Is  of  men,  and  that,  given  a  certain 
aunibor  of  characters  in  the  story,  that  only  is  essential  which  in 
ftMDO  way  acts  ou  the  miuds  of  those  characters,  and  is,  so  to  Bar,  a 
diftmUia  of  them  as  compared  with  the  rest  of  the  world ;  what 
they  have  for  breakfast  is  of  no  matter  unless  it  should  give  them 
indigestion,  and  indigostiou  should  produce  irritation  or  otherwise 
a&bct  the  course  of  their  thoughts  and  emotions.  In  like  manner 
romaace  becomes  false  when  it  forgets  what  its  true  theme  is,  lets 
itself  be  carried  away  by  the  incidents,  thinks  only  of  them,  and 
7^«t«^  of  representing  pi«ple  influencing  and  being  infiueucud  by 
erents,  gives  us  a  series  of  mechanical  stage  effects  happening  to  a 
number  of  no  less  mechanical  stage  puppets.  This  eiu  is  indeed 
common  ',  perhaps  no  writer  could  show  quite  a  clean  sheet  in  regard 
tu  it.  But  no  cleverness,  no  inventiveness,  no  accomplishment  in 
mere  tt'cbuique,  compensnte  for  an  error  so  fatal — ^just  as  no  miuutc- 
MM  of  obuervatiou  or  diligence  in  collecting  what  are  callo<l  "  docu- 
iMiitB,''  compensates  for  the  correspondiug  sin  of  the  writer  whose 
watchword  is  reality.  In  both  sorts  of  books  the  thing  in  the  end 
i» — tho  one  thing  in  tho  end  is,  the  temper  of  the  charactern.  To 
that  wc  come  buck  with  a  ftersifitence  only  to  bo  excused  because 
hero  lies  the  foundation  of  the  whole  matter.  In  romance  the  thing 
is  always  tlio  love  of  the  wnman,  not  tho  machinations  of  the  villaiu 
— tho  high  mind  of  ambition,  not  tho  means  it  seeks  or  tho  prize 
it  aims  at — tho  spirit  of  adventure,  not  the  adventures — the  joy  in 
action,  not  the  precise  actions  by  which  the  impulse  seeks  and  finds 
Mti*fa<'tiou.  I  have  a  notion  that  if  we  could  know  the  order  in 
which  the  writer  evolved  liis  book,  whether  tho  man  came  first  or 
Ills  incidents,  whether  ho  fitted  his  scene  U>  his  characters  or  con- 
trivod  characters  to  pnt  on  his  scene,  wo  should  in  most  cases  be 
•ble  to  aay  whether  his  bxjk  would  be  a  goi.xl  bntk  or  not  a  good 
book  in  the  most  es.scntial  point.  When  a  lady  said  to  Sir  Walter 
tioott  that  she  never  know  what  was  going  to  hafipen  on  the  next 
pus  of  his  books,  Sir  Walter  is  reported  to  have  replied,  "  Nor  I 
BsMiMr,  madam."  Tho  story  may  well  embody  a  ti'uth  ;  he  may 
Very  likely  not  have  known  what  was  going  to  happoo  Iv  his  char- 
Mlsrs,  but  ilepend  upon  it  Sir  Walter  knew  very  well  what  was 
happening  and  what  was  about  to  happen  in  thtiu  ;  he  knew  where 
1m  was  going*  though  ho  might  not  have  ducidod  exactly  what  rood 
tobake. 
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Perceirin^  this  radical  fact,  we  find  all  contradiction  between 
romance  and  the  life  we  call  real  to  vanish,  and  wo  must  confoss  thnt 
the  fault  has  bc-en  in  our  utvn  idoaH  and  not  in  the  tsuhject  with  which 
we  nro  c<>ncorned.  Ri>tnnnco  becomes  an  expression  of  nhnt  ore 
Itorhaps  the  most  important,  the  most  far-reachin;j,  the  most  tieeplv 
seated  instincts  and  impulses  of  humanity.  It  has  no  nionopoly  of 
this  expression,  but  it  Ik  its  privilege  t<^  render  it  in  a  singul&rly 
lear,  distinct,  and  pure  form;  it  can  give  to  love  an  ideal  object,  tn 
Iti'bitiou  a  boundless  lield,  to  courage  a  high  occasion;  and  th«»e 
great  emotions,  revelling  in  their  freedom,  exhibit  themselves  in  their 
glory,  'llius  in  its  most  wnrlliy  forms,  in  the  hands  of  its  masters, 
it  can  not  only  delight  men,  but  can  touch  thorn  ti  the  very  heart 
It  shows  them  what  they  would  bo  if  they  oonid,  if  time  and  fate  and 
oircumstances  did  not  bind,  what  in  a  sense  thoy  all  are,  and  wh»t 
their  acts  would  show  them  to  bo  if  an  opportunity  offered.  So  they 
dream  and  are  the  happier,  and  at  least  none  the  worse,  for  thoir 
dreams.  It  is  the  pift  of  the  Romancer,  in  the  measure  of  hisabilitrti 
to  see  and  reve^il  truths  of  the  heart,  and  for  a  time  to  loose 
fetters  that  a  man's  own  lot  rivets  on  him,  to  bid  men  forget  what 
round  them,  but  not  of  them.  alK)ut  them,  but  not  themselves.  Wt. 
say  that  a  man  "  forgets  himself"  in  an  exciting  romance.  We  nieai 
as  wo  sotnetimos  du  in  speaking,  just  the  opposite  of  what  we  say. 
man  docts  not  nad  a  good  romance  to  foiget  hiuiself,  but  to  foi 
what  is  not  himself;  and  bt^cause  he  tiuds  there  somothiuc  tl 
recalls  the  self  which  the  changes  and  chancos  and  troubles  of 
world  have  almost  made  him  forget,  he  is  wi^ll  ploised. 

There  are  two  points  on  wiiich  I  wish  to  guard  myself  before 
sit  down,  if  your  putieuc<!  will  kindly  allow  mo.     The  first  has  refisr*i 
encti  to  what  I  have  said  about  the  relative  position  of  inddcnU  aol 
emotions.     I  must  not  bo  understood  to  mean  nnythinp  in  ttic  le*«J 
like  what  is  sometimes  said,  half-seriously,  half-jukiugly — that  "tbe 
plot  doesn't  matter."     In  my  judgment  the  plot  matters  so  much  m 
to  be  the  suroKt  mark  of  the  writer's  ability,  luid  incom|iiitahIy  th« 
chief  criterion  of  the  merit  of  the  book.     But  the  word  "  plot  "  Bins' 
be  understood  in  its  prop>r  sense,  in  the  sense  that  makes  it  the  yerj 
core  and  kernel  of  the  hook,  the  story,  the  thing  the  writer  tells  ii* 
reader.     Every  novel  consists  of  emotions  and  incidents  ;  this  is  t'l* 
rudimentary  analysis  of  it  in  respect  of  matter,  just  as  the  divisio'i 
into  tlieme  and  auxiliaries  is  the  rudimentiry  analysis  of  it  in  r<is]i«< 
of  form  (I  am  not,  of  course,  insisting  on  my  own  precise  ttimis,  but  o" 
tho  obvious  distinctions  which  I  use  thorn  to  express).     Thy  plot  ■* 
not  emotions,  for  emotions  idle,  in  a  vacuum,  bo  to  speikk,  will  yicW  "* 
story  ;  neither  is  it  iticideuts,  for  as  we  saw  at  tlio  beginninjx.  u*'"'" 
incidents,  incidents  witluiut  people  and  without  emotions,  will  p*^^" 
no  story.    The  plot  of  a.  romance  is  emotions  and  incidents— eniolw"'* 
in  action^and  tho  merit  of  tho  plot  lies  first  in  choosing  emctions"' 
troo  romantic  cjualily,  and  secondly  iu  fitting  those  emotioiu  ^^ 
the  most  appropriate  actions — those   which   will  best  exhibit  tb> 


1697.] 


on  Ilomanee. 


449 


emotioDB  and  most  attract  the  reader  fo  th«  engroBscd  study  of  tbem. 
It  U  almoKt  impossible  to  say,  aiid  cortoiuly  not  very  useful  to  spend 
time  in  inqniring,  wliethe^r  the  tirst  ta(<k  or  the  second  is  tlie  more 
difHftilt :  the  successfal  ai'toiuplisliint'nt  of  both  iH  neccsaary  to  the 
writing  of  a  good  romances  and  tbo  product  which  results  from 
bring;ing  the  emotions  into  contact  with  the  incidents  is  the  plot. 
This  product  may  or  may  not  bo  in  complete  eristence  when  the 
vrriter  begins  the  etory  ;  it  must  be  complete  by  the  time  be  ends  it. 
I  do  not  mean  that  every  iuoidcnt  wliich  may  be  rcltitcd  in  a  novel  is 
part  of  the  plot,  or  every  emntion  wliich  may  bo  described  either. 
Wo  may  revert  to  the  formal  division  of  thotue  and  oiuilioriee,  and 
allhiiugh  it  may  not  be  practicable  to  draw  a  very  definite  line  between 
v«bat  liclongs  to  the  plot  and  what  does  not  in  all  cases,  we  may  say 
that  the  pint  lies  in  the  tlieme  and  such  of  the  auxiliaries  as  nfifonl  the 
m<«t  immediate  and  ds^cutial  vehicle  for  the  expression  of  the  theme. 
IV^yond  tb(;se  limits  there  may  lie  both  many  emotions  and  many  in- 
cidctitu,  all  of  which  should  no  doubt,  if  wo  are  to  follow  a  rigid  rule, 
have  thnir  partifular  i-orvico  t<i  perform  in  relation  to  the  plot,  but  as 
t<>  which  in  the  practice  of  critics  considerable  hitihule  is  allowed, 
pnividi  d  that  thuy  are  in  themselves  of  an  entertaining  di  scrij>tion, 
ori^oiitaiu  true  and  lifc-liku  t-kutclios  of  liuman  nature.  Nu  man  is 
,  denifd  a  few  digrossinnR  if  lie  will  make  good  use  of  the  indulgence, 
r^Pw  second  point  is  this.      I  niuy  seem  to  have  drifted  into  a 

" where  1  meant  only  to  render  justice,  and  to  have  claimed  for 

mmuitic  novels  a  pre-emioence  over  other  kinds.     To  make  any  suuh 

ptvtoutioiis  on  their  bolinlf  is  not  my  jiurposc,  and  wi.>nhl  liy  nu  moans 

rrpM'Mut  my  own  opinion.     The  power  and  province  of  romance  are 

limited;  it  citnnot  annex  and  dues  not  soi-k  to  encroach  upon  6ister-> 

kingdomx.     Contcmt-d  itself  with  strong  and  simple  eraotinns,  it  is 

aildr««*i4d  to  emotiiPiis  of  a  similar  nature  ;  it  is  prininrily  an  appeal 

to  focUng.  and   to  fieling  of  a  direct-,  normal    and    Btraightf<T\vard 

dwcription.     It  is  not  armed  with  the  keenost  wcnpoim  of  annhsiB; 

Hit  not  skilled  to  trace  minute  variations  or  to  catcli  flitting  shades; 

it  is  not  at  home  with  struggles  and  stirrings  that  fiiul  no  outlet  in 

•dioB,   are    invisible    to    the    world,  and    barely  cooscious    in    the 

which    is    their   home;    it   prefers   an    environment    where   a 

I'  {]>dt\-idnulity  can    liave    play,  and    has    no    phasnre    in    the 

picture  of  a  tyranny  of  circumstances  that  cniitbes  the  actor 

a  mere  safferer;    its  purposa  is  n<it  to  arraign  the    equity  of 

■"Uitutious  or  to  read  the  riddles  of  life.     These  subtle  investi^io- 

^ota,  so  attractive  in  their  difficulty,   so  delicate  and    patient  in 

Ibir  mdthods,  with  their  results  so  fascinating  t*j  the  alert  intellect 

*4  UiO  carious  mind,  it  must  leave  to  writings  of  aiiotfier  temper. 

"«,  again,  is  it  the  way  of  romance  to  bid  you  stand  by,  an  auiuaed 

•P»«totor,  while  it  cxliibits  to  you  scenes  from  the  world's  comedy, 

JSJhida  you  laugh  at  Adlins  of  which  you  are  not  guilty,  or  at  passions 

IrtiU  which  you  kuiiliugly  thank  heaven  you  arc  free — or  wonder  you 

**<  not ;  it  i>  Dot  diaintoreeted  enough  for  that,  and  must  have  yon 
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sfaAre  tbe  emotions  which  it  displays  before  yonr  oyes.     It  will  make 
terms  with  bamuiir,  but  it  duea  not  love  ridicule.     In  spite  of  the 
deep  truths  with  which  romance  deala,  the  romantic  temper  is,  iu  » 
sense,  iunocent,  unsophisticated,  primitive  ;  it  throws  itself  into  life 
ratber  than  analyses  it ;  it  syinpiithises  and  shares,  it  does  not  stand 
aloof  and  smile.     Intricacy  baffles  it ;  it  retreats  in  fear  from  the  bite 
of  the  acid  of  irony.     It  is  conversant  with  great  sorrows,  yet  in  tiis 
end  it  is  a  cheerful  thing.     It  trusts  life,  it  loves  life  ;  even  for  i|fl 
deepest  woes  there  are  the  consolations  of  love  or  the  hallowing  prid|| 
of  memory — for  when  romance  kills,  she  kills  becomingly.     It  does 
not  ask  whence  we  come  and  whither  we  go,  it  does  not  cry,  "  Vanity 
of  Vanities  1  "     But  a  temper  like  this,  while  it  has  its  virtues,  and 
possesses  about  it  much  that  is  attractive,  has  its  obvious  limitations 
and  is  subject  to  great  disabilities.     It  is  not  a  full  expression  of  the 
human  mind ;  it  is  not  final,  exhaustive,  nor  perhaps  even  particnlnrly 
helpful  in  regard  to  the  great  problems  which  occupy  the  intellect; 
there  are  large  fields  of  emotion  which  it  leaves  untouched,  complica- 
tions that  it  does  not  unravel,  varieties  that  it  canaut  note,  moods 
with  which  it  cannot  enter  into  sympathy  and  which  it  seems  ratber 
to  delude  than  satisfy.     So  sometimes  men  and  women  tnrn  awsy 
from  it  in  a  sort  of  impatieuce,  and  they  are  especially  apt  to  do  this 
M'hon  they  are  mciubera  of  a  society  which  is  highly  civilised,  highly 
cnltivated,  and  much  interested  in  the  puzzles  imd   difficulties  tlHt 
besot  the  life  of  tbe  community  and  the  individual— a  »<>ciety  thftt 
takes  a  critical  and  perhaps  not  a  very  hopeful  view  of  itself,  that  has 
its  intellect  fully  devclui>od,  its  conscience  very  acute,  and  ( perhaps  I 
may  add)  its  nervous  system  in  a  state  of  some  irritation.     Boinancs 
Seems  then  rather  a  childish  thing — yes,  like  a  child  laughing  in  tha 
garden  while  a  man  lies  dead  in  the  house.     Even  if  it  wero  no  more, 
yet  let  the  child  laugh  :  his  laughter  is  a  part  of  the  truth  about  the 
world.     But,  as  a  matter  uf  fact,  this  impatience  may  be  nnderstooil 
and  excused  as  a  mood,  but  is  not  to  bo  justified  as  a  criticism  ;  ooii 
those  who  are  guilty  of  it  fail  in  catholicity  of  judgment,    Becimso 
romance  cannot  fill  the  place  and  discharge  the  function  of  other 
writings  inspired  by  different  tempers  and  employing  different  meaiw> 
they  are  hasty  to  deny  the  value  of  its  proper  office  and  the  import- 
ance of  the  position  it  holds  as  one  of  tho  many  forma  which  most  Iw  | 
assumed  by  that  interpretation  of  human  life  which  is  the  great  oo  i 
cupation  of  all  imaginative  literature,  and  the  title  by  which  it  com- 
mands the  attention  of  human  minds.     They  are  all  at  tbe  task— tl" 
careful  chronicler,  the  keen  analyst,  the  patient  student,  the  smilinfi 
comedian,  the  indignant  satirist,  tbe  theoriser,  the  ^'iaiouary,  aud  ^ 
wit.     It  is  enough  for  the  romanoor  to  claim  and  take  his  pbce  i" 
tho  rank,  being  sure  that,  if  ho  pursues  his  own  task  faithfully  **' 
performs  it  with  ability,  there  are  many  who  will  find  in  him  not  tb^ 
worst  companion,  and  few  to  whom  ho  will  not  (at  some  moineot^ 
at  least)  seem   to  s|)cak  words  both  of  gladness  and  of  truth,    '"'j 
romance  is,  in  the  end,  an  assertion,  constantly  and  confidently  tc\ 


I 


1897.] 


on  Romance. 


451 


peat«i1,  thftt,  renstless  m  m»7  seem  the  etreftm  of  teudenoies,  bard  as 
the  fetters  of  fate,  tTrannonB  a8  the  order  uf  society,  of  Dature,  or  even 
of  the  nniverfe,  yet  there  is  still  in  men  themselves  an  exuberant  some- 
thing which  lives,  and  works,  and  does,  and  makes.  Thus,  after  all 
acknowledgment  made  of  ita  limitations,  with  the  amplest  recognition 
of  the  value  and  necessity  to  literature  of  other  methods  and  other 
points  of  view,  it  remains  a  6ne  expression  of  the  vitality  of  the 
faaman  race,  of  the  love  of  life  and  the  fmitfal  joy  in  it,  of  the 

^cXMllent  vigonr  of  the  spirit  of  man. 

B  [A.  H.  H.] 
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WEEKLY   EVENING   MEETING, 
Friday,  May  U,  1897. 


WiLLUx  Ckooees,  Esq.  P.E.8.  Vice-President,  in  the  Chair. 


Pbofksbob  Habold  Dixon,  M.A.  F.B.S. 
Explosion- Flames. 


The  lecturer  gave  a  brief  history  of  the  researches  made  on  the 
temperatures  aud  pressures  produced  in  explosion -flauiefs,  and  ex- 
hibite<l  |pbotngraphs  of  various  explosiou-flames  taken  <on  a  very 
rapidly  moving  film.  The  photographs  showed  the  movements  of 
the  flame  from  the  ignition  point.,  and  the  effect  of  sound-wavea 
reflected  from  the  eods  of  the  explosion- tube. 
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WEEKLY  EVENING   MEETING, 
Friday  May  28,  1897. 

LuDWio  MoND,  Esq.  Ph.D.  F.R.S.  Vieo-President, 
iu  the  Chair. 

PROrssaKCK  Hekbi  Mohsan,  lilembro  do  rAcademie  des  ScienettT 

Paris. 


Le  Fluor. 

MiLOBOB,  Mesdames  et  Messieurs, — J*ai  6te  benrenx  do  repondrn  i 
votre  appel,  et  jo  tioiis  tout  d'alwrd  a  vous  rccnorcior  de  I'lioiinoiiC 
que  TOI18  avez  bien  von  I  a  me  faire  en  me  detnandatit  oette  con(i>rrnc«.l 

Ou  couuaissait  depuis  InngtoinpB  un  iniiier».l  ciiritMix  aiiquel  uu  •] 
donno  le  nora  de  flnoriue  et  qne  I'ttn  roiieiintre  dans  la  nature  eii  i 
cristaux  ciibiqnos,  inwlores  on  teiuleu  de  vert  ou  de  viidet.     Cattl 
fluorine  eat  un  compose  binaire  fnrtnt"  d'un  metal,  le  calcium  nni  a  al 
aatro   corps   sifuplo   qu'il  avait  cte  impossible  d'isuler  jusqn'ici 
iiuquel  ou  a  dunnO  le  nom  de  fliior. 

Ce  flnomro  dc  calcium  a  ctt'  c^^mpsirc  bien  .convent  au  chlornre  <l< 
Fodiuni  dont  les  chiniietcs  coiinaisEent  itarfaitenient  la  cotnjiositiiinj 
En  effet,  entre  les  fliiorures  tt  les  chlnnires,  il  y  a  de  (rrandes 
profuudes  analogies  :  le  cblorare  ct  lo  fluornro  de  potnasium  cristaU 
li8<.iit  tmiB  doux  dans  le  systeme  cubique.    Les  pmpript*^  priuL'i|i«lei1 
des  cbloniros  sout  scmblablcs  a  coUos  des  flnornres.     lis  iouniiwenlj 
Ic  plus  snuvent  des  n^actitms  parallclcs;  truilcs  par  I'actde  sulfiiriqu 
ils  produisent  It-s  iins  et  ks  autres  des  acides  bydrog«'n<'-8  solnWtl 
dans  I'eau  et  dounaut  iV  I'air  d'nlkindanti  s  fumces. 

Outre  le   fiuoruro  do  calcium,  on  trouve  encore,  dans  Ia  iifttoMi' 
d'autrcs  composes  nnfermaut  du  fluor.     On  c-onuatt,   jiar  eitrapici 
une  combinaiBuii  complexe  de  pbosphate  de  chaus  et  de  fluorure  ie 
calcium  ii  Inquelle  on  a  doiine  le  nom  d'apatitc. 

Co  minerai,  qui  se  prcsente  jtarfois  en  tr^s  jnlia  cristaux,  ap" 
fitre  obtenu  syntLetiqiKiiiiuut  dans  les  laboratoires,  niais  c*  qai  «*' 
jdiis  important,  Hetiri  Saintc-Clairo  Doville  a  pu  jtr^jjorer  niie  Bpalito 
chhm-e,  et  co  uouveau  compose  se  presente  en  cristaux  idcntiqoM  i 
ceui  dc  I'apatite  fliioreo.  On  est  done  on  droit  de  diro  qne,  Auoscei 
combinaiiroufi  lo  cLlorc  pcut  reinpl'acer  le  fluor,  s'y  sabstitner,  C** 
la  line  analojiie  rtniirijuable,  uu  lien  qui  reimissait  le  chluro  bifD 
etuiliti,  bien  coniiu,  a  ce  corps  simple,  non  encore  isol^,  le  fluor. 

Ai-je  besoin  de  vous  citi-o  d'nutres  oxemplcs  ?     lis  no  none  roafl' 
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BTODt  poa  On  connsat  la  wagn6rite,  fluoree  naturollo ;  on  poat 
i]»rer  le  oompoec  Bimilaire  chlor^. 

Ces  analogies  da  ckloro  ct  du  floor  ae  poarsaircnt  plus  loin. 

Tr&itons  da  eel  marin,  dn  cblornre  de  Bodinm,  par  de  I'acido  eiiI- 
iqne.  Yoas  Toyez  qn'il  ee  prnduit  aossitut  ua  abondant  degage- 
ot  d'acide  chlorhydriqae  gozeux. 

Faifious  de  m^nie  ponr  le  flnorure  de  sodimn.  Ajontons  dans  nn 
le  do  plomb  de  Tacido  salfunque  a  an  fiuornre  alcaliu.  Kous 
Tons  dc8  funiees  intenBes  bc  pruduire.  Dans  Ton  et  I'autro  cas, 
IS  AoronR  d^gagtj  un  corps  gazeux  k  one  tempurature  de  +  20° 
ntigrade),  fumant  abondammont  A  Voir,  incoloro,  poes^dant  les 
■ctOTM  d'un  ncide  energique,  s'snisfiant  k  I'^tat  anhydro  arco 
lunoniaqae.  ti«8  solublo  daaa  I'eau  et  s'y  oombiiuuit  aveo  ime 
ade  bloTalion  do  tampurature. 

Si  Doas  donnoDs  an  fluornre  de  Bodium,  au  compose  binaire  du 
u  et  du  sodium,  la  fonnala  NaFl,  celle  da  corps  acido  prnduit  par 
ftion  de  I'acido  sulfarique  ue  peat  £tre  que  HPl.  Les  deax 
etiuiiB  sont  ideutiqaes. 

^liS  oorpB  gazoux,  ocido,  produit  dans  cotte  reaction,  est  done  une 
ibisttsoa  de  fluur  et  d'bydrogene,  an  corps  analogue  u  I'scide 
orbydriqne  auquel  nons  dounerons  lo  nom  d'acide  Haorhydriqne. 

Mais,  <luns  lee  sciences  natnrellcs  I'analogie  ne  suffit  pus ;  la 
fboAe  scientifiquo  uc  poat  aduiottro  que  co  qui  est  rigoureusomcut 
lontrc.  II  fftlkit  done  tout  d'abord  prouvor  que  I'acide  fluorhy- 
hOB  ^tatt  nn  acide  bydrogt^^no,  Et  ceci,  messieurs,  va  nous  reporter 
KManHmoeinent  de  ce  sieolo.  Youb  savez  combion  fut  grande  I'iu- 
IDoe  de  Lavoisier  snr  I'ossor  de  la  cbimie  on  tant  que  science  viri- 
le. Voos  Bavez  combien  co  grand  esprit,  par  Temploi  contiuu  do 
>ftlanoe  dans  lea  reactions,  fuurnit  a  la  science  quo  nous  otudions  une 
dear  nmtbematiqne.  Frappe  du  r6le  important  de  I'oxyg^ne  dans 
fombnition,  il  crat  que  oet  element  etait  indi8|icnsablu  a  la  fornia- 
i  do8  acides.  Pour  Lavoisier,  tout  acide  etait  nn  corps  oxygoiie ; 
ide  chlorbydrique  fat  done,  d'aprcs  Ics  theories  do  Lavoisier,  con- 

Koommo  rcnfemiant  de  Toiygene,  et  il  on  fut  de  memo,  par 
e.  pour  I'acido  fluorbyilriijno. 
it  k  Totro  grande  savant  Humphry  Davy  que  rcvient  I'honnenr 
Wnr  d^montnS  quo  I'acide  fluorbydriquo  ne  rcnfermait  pas  d'oxy- 
m.  Mail  permottcz-nioi,  avant  d'arrivcr  aux  belles  rocfaercbes  do 
fj,  do  TOUB  rappeler  I'hiRtorique  de  la  d^oouverto  do  I'acido  Uuor- 
tn^VCk  Nous  no  nous  arrCterons  pas  aitx  t-ecliorcbes  de  MargraiT 
Iot  MOttt  pukli^iBS  on  17G8,  maiB  nous  u'uublicrouH  pas  que  co  fnt 
le  qoi  caracterisa  Tacide  flaorbydriquo  on  1771,  sans  arrivcr 
gfoiii  k  Tubttjoir  a  I'etat  do  puretc.  £u  1B09,  Gay-Lussac  et 
repriieut  I'ulude  de  cette  preparation  et  arriviiront  a  pro- 
QB  •tfide  asBoz  pur,  tres  concentr6,  mais  qui  £tait  loin  d'etre 
L'action  do  I'acide  flaorbydriquo  Bur  la  silica  et  lea  silicates 
on  parfaitoment  elncidco. 

ip<Nrtoua-D0U8  maintenaut  rcra  Tannic  1818,  cpoquo  on  Davy 
M.  XV.     (No.  91.)  2  a 
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reprend  I'^tade  de  I'acidfi  fluorhydriqne.  Peu  de  temps  atiparaT&nt, 
Am{)erc,  dans  deux  lettrcs  adress^es  k  Humphrr  Davy,  avait  emis  oeUe 
opinion  que  I'acide  flnorhydriqne  poavait  6tre  oonsidere  conuM 
form^  par  la  combinaisoa  do  rhydrogene  avec  on  corps  simitla 
encore  inconna,  le  flaor,  on  an  mot  que  c'etait  nn  acide  qoq  oxyg6tie. 

Davy,  qui  partageait  cctte  idee,  cheroha  done  tout  d'abord  a 
dSmontrer  que  I'aoide  fluorhydriqae  ne  renferme  pas  d'oxygene.  Poor 
«ela,  il  neiitraliee  I'acide  fluorhydrique  par  de  raramoniaqne  et,  en 
oLaufiant  fort«meut  oe  sel  dfuis  on  apparcil  en  platine,  il  ne  recueillo 
dans  la  partio  froide  qne  le  flnorbydrate  d'anuqoniaque  sablime  saus 
ancane  trace  d'ean. 

Bepotons  la  miSme  experience,  maia  ayec  un  acide  oxygen^ ;  pre- 
nons  de  I'acide  Bulfnrique  que  nous  nontraliBcrons  par  de  I'ani- 
moniaque ;  none  obtenona  ainsi  da  Bolfato  d'ammoniaqae.  Si  nous 
obaaffons  alors  ce  eel  dans  le  meme  app&reil  en  platine,  il  fond  vers 
140**,  pais  vers  180°  il  se  decompoee  en  ammnnioquc  ct  en  bisnlfato, 
enfin  oe  dernier  sel  se  trsneforme  par  ane  noaTelle  elevation  de  tem- 
perature en  bisulfite  d'ammoniaque  volatil,  en  azote  et  on  ean. 

Ainsi,  en  cbaufFant  fortement  le  sulfate  d'ammoniaqae,  il  y  a  ea 
formation  d'eau.  Et  dans  cotte  experience  de  Dairy,  lorsqae  1*00  ee 
troave  en  presence  d'uu  acide  oxygeue,  la  quautil<i>  d'eaa  recneillie  est 
■ssez  grande  pour  etro  admise  d'ano  fa(;»a  indiscutable.  Le  flaor- 
hydrate  d'ammoniaque,  de  meme  que  le  chlorhydrate,  ne  fonmissant 
pasd't^au  par  B&di3composition,on  ^>tait  done  conduits  dire  que  racide 
flnorbydriqae  ne  renfermait  pas  d'oxygene  et  qu'il  etait  analogue  a 
I'acide  cMorhydrique.  Or,  on  sait  par  demonstration  exp^rimentale 
qae  i'acide  chlnrbydriqne  est  formrj  de  cblore  et  d'hydrogene  ;  il  est 
done  logiqao  do  penser  qne  I'acide  fluorbydriquo  est  prodoit  par  la 
oombinaison  de  I'bydrogene  avec  le  fluor. 

Ceite  experience  importante,  faite  par  des  mains  exeroees,  ne 
porvint  cependant  pas  k  faire  admottre  d'ane  fa<;on  g^ndrale,  I'exiB- 
tence  des  bydraeides. 

Les  idees  de  Lavoisier  but  le  role  de  I'oxygene  dans  la  formation 
des  acides,  ideee  qui  avaient  «te  combattucs  au  debut,  etaient  alora 
si  bien  admiscs  que  beaucoup  d'esprits  se  refusaient  a  croire  a  I'eiis- 
tenco  d'acides  hydrogtoes.  Ce  no  fat  qu'apres  les  recherobes  memo- 
rabies  de  Gay-Lussao  sur  le  cyanogeue  et  aur  I'acide  cyaubydriqnev 
qu'il  flit  domontre  d'uno  fnt^on  indiscutable  qu'il  poavait  exister  dee 
acides  energiques  ne  reufermant  pas  trace  d'oxygene. 

D'ailleure,  qnand  nous  avons  a  comparer  les  combinaisons  acidot 
form^es  par  le  cblore,  par  eieraple,  ou  le  sonfre,  avcc  rhydrogene, 
nous  avons  lilt  deux  types  de  composes  tout  a  fait  differents. 

Prenons  un  volume  do  cblore  et  un  volume  d'bydrog&ne;  so* 
Taction  de  la  lumiero  ou  d'une  c'tincellc  d'induetion,  ils  s'uniront 
pour  former  deux  volumes  do  gaz  acide  chlorhydrique,  compose  ayaot 
toutfis  lea  proprietoB  d'ime  acide  trea  energique. 

Si  nous  combinouB  deux  volumes  d'hydrogene  a  un  volunw  «• 
vapour  de  soufre,  nous  obtiendrons  deux  volumes  de  gaz  hydrogenn 


897.] 


«<r  le  Fluor, 


45J 


for^,  poes^cUnt  enoore  one  r6flction  acido,  il  est  vmi,  maiB  incom- 
tblexaent  plus  faible  qae  celle  Ae  I'ocide  chlorhydriqao. 
II  est  bion  trident  que,  por  bob  roftctiouB  energiques,  par  le 
ament  do  chalenr  qu'il  prodult  nu  cuntact  de  Feau  et  des  bases, 
flnorbydriquo  doit  ^tre  compari'  a  I'aoide  clilorhydriquo  et  non 
I'acide  sulfbydriqne.  H  bo  rapproche  abBolument  d©  cat  acide 
liydrique  fonn4  d'on  volume  de  chlore  et  d'un  Tolurne  dliydro- 
\  vnis  aanB  condenBatioii. 

acttcz-moi    mainteDant  de    Tons    rappeler    une    experience 
uieonp  plus  recente  de  Gorre.     Ce  chimiBte  a  chauffe  du  fluorure 
ITargent  docs  one  atmoBphi-re  d'hydrogene.     II  a  vu,  dans  cea  &andi- 
Id  volame  gazeux  doubler  ;    il  semblo  dose  bieu   qne   I'acide 
riqoe  Boit  forme  d'an  volume  d'hydrogene  ani  a  no  volume 
loorpe  simple  non  encore  iso]^,  le  fiuor.     Do  pins,  c'cst  bion  co 
corps  simple  qui  a  quitte  lo  fluorure  d'argeut  pour  b'uuIt  a 
;^ne  et  prodnire  I'acide  fluorhydriqne  dout   nous  vouons  de 
pr^edemment. 

Ainsi,  mesBJenrs,  sans  preparer  ce  fluor,  Bans  pouvoir  le  scparer 
I  oorp«  avcc  lesquels  il  eat  nni,  la  chimio  ctait  parvonuc  a  otndior 
lyser  nn  grand  nombre  de  sea  combiuaiBons.  Le  corps  u'^tait 
le  et  oependant  sa  place  etait  marquue  dona  dob  claBBificationa. 
lA  oe  qui  noua  diituontre  faieti  Tutilit^  d'uue  tbeorio  BciuQ- 
:  tb6orie  qui  eera  regard«o  oommc  vxaio  pendant  itn  certain 
qui  r^Bumera  lea  faits  et  permottra  a  Tesprit  de  uouvellea 
ttdeee,  causes  premieres  d'experienccs,  qui,  pou  u  peu  detruiroat 
&me  tkoorie,  pour  la  remplaoer  par  une  autre  plus  cu  barmouio 
progiis  de  la  science. 
Teat  ainsi  qne  certaines  propriutcB  du  floor  ^taient  pr^vnes  avaut 
I  que  son  isolemont  ait  etc  possible. 

maintenant  quels  ont  etc  lea  essaia  tentes,  non  eeulemont 
.  aeide  fluorbydrique,  mais  encore  sor  les  fluurures,  pour  arriver 
U)  fluor. 

Toos  paxlais  tout  &   llieure  dos  experiences  do  Davy,  dans 
Jm  il  a  d^montre   notammont  quo  I'acide  fluorhydriqno  ne 
it  pas  d'oxyg^ue.     Ontre  cos  experiences,  Davy  en  a  fait  uu 
ibre  d'autres  que  je  rappellorai  en  les  rosumant. 
1  peat  d'unc  fii^on  guuorale  divisor  Ice  rccbercbes  eutropriBcs  sur 
I  Soor  en  deux  grandes  classes  : 
1*.  Eiperioncos  Caites   par  voio  electrolytiquo  s'adressont  soit  i\ 
aoit  aux  fluorures. 

Experiences    faites    par  voie  secbe.     Des  le  debnt  do   coa 

ehea,    il   6tait   h   prevoir   que     le    fluor   d^compoaerait    I'ean 

i  on  pourrait  Tiroler ;  par  consequent,  toutes  les  tentativea  qui 

I  fiute*  par  la  voie  humido  depuis  Icb  premiers  travaux  de  Davy 

it  tans  ancone  espeoe  de  chance  do  sacccs. 

ipkry  Davy  a  fait  beaucoap  d'exporicnces  6Iectriquod,  et  ces  ex- 

I  il  les  a  execntc«B  dans  des  apparbils  on  platino  ou  en  cblnrure 

fbodu  et  au  moycu  do  la  puissante  pile  de  la  Societii  njyule, 
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n  a  reconna  que  I'acide  flnorhydriqne  ee  decomponit  tnnt  qn'il 
contcnait  do  Tcau  et  qu'oDsaite  le  conraut  scrablnit  passer  avec  beam- 
coQp  plas  do  difficulto.  Tl  a  easAyi  sassi  de  fairo  juillir  des  itiii- 
oellee  dans  I'acide  concentre,  et  il  a  pa,  dans  qnelqaes  cssais,  obt^'oir 
par  octte  methode  nne  petite  qoantite  de  gaz.  Mais  I'acide,  bien  qa«> 
refiroidi,  no  tardait  pas  k  se  rMuiro  en  vapeors :  le  l&boratoire  dereimil 
rapidemont  inhabitable.  Davy  fnt  meme  tr^s  malade  pour  setre 
expose  a  respirer  les  vapenrs  d'acide  fluorbydriqne  et  il  conseiUe  anx 
ohimistes  do  prendre  de  grander  precautions  poor  Writer  Taction  Je 
oot  acide  snr  la  pean  ot  sur  Ics  bronchos.  Vons  savez,  messiears,  quo 
Gay-Lnssao  et  Thonard  avaient  ea  ogalement  beauconp  a  sooffrir  do 
oee  m^mes  vapeara  acidcs. 

Les  autree  experiences  do  Davy  (jo  ne  puis  Ics  citer  toutes)  not 
^t^  faites  snrtont  en  faisant  r^agir  lo  chloro  sur  les  Huorares.     Elles 
presentaient  des  difficaltes  tres  grander,  car  on  ignorait  kcettcepoqi 
I'eiistence  des  fluorhycirates  do  flaororoa  et  Ton  ue  savait  |K>int  p: 
parer  la  plapart  des  flnorures  anbydrcs. 

Oes  reclierches  de  Davy  sout,  commo  on  ponvait  s'y  attendre,  de  la 
plus  bante  importance,  et  ane  propriete  remarquable  dn  fluor  o 
miso  en  evidence  par  ce  savant :  dans  los  reohorches  on  il  avail 
possible  de  prodoire  une  petite  quantite  de  co  radical  des  fluomres, 
platine  on  Tor  des  vases  dans  lesqueld  se  faisait  la  reaction  etait  pi 
foudement  attaque.     D  s'otait  forme  dans  ce  cas  des  flaorar«a  d'or 
do  platine. 

Davy  a  vari^  beanconp  les  conditions  de  ces  experiences.  H  ■ 
r^pcte  Taction  du  chloro  sor  an  fluoruro  motallique  dans  des  vases  de 
Bonfro,  do  ohai'bon,  d'or,  do  platine,  etc. ;  il  n'ust  jamais  arrive  a  nn 
rosultat  satisfaisant. 

II  est  conduit  ainsi  ^  pcuRcr  qne  lo  flnor  poesedera  sans  doute  mo 
activito  chimique  beaucoup  plus  grando  qne  ccUo  des  composes  oonniu. 

£t  en  tcrminant  son  memoire  Humphry  Davy  iudiqoe  qm  oev 
experiences  pourraient  pcut-tJtro  reussir  si  ellos  etaientexlont^daw 
dee  vases  en  Huoriuo.  Nons  allons  voir  qne  oette  id^e  va  etre  reptiw 
par  differents  exiK^rimentiitours.  La  lecture  du  travail  de  Davy  vons 
interesse,  vons  captive  an  plus  hant  point.  Je  ne  puis  mieox  comparer 
ce  bciiu  momoiro  quTi  cos  tublonux  de  maitre  aoxqucls  le  temps  ajoote 
un  nouvoau  charme.  On  ne  se  lasse  jamais  de  Ics  admirer  et  Ton  j 
d^convre  sans  cosse  de  nonreaux  d^'tails  et  de  nonvelles  beaat^ 

Cost  en  operant  daus  du»  nppareils  en  fluorure  de  calcium  qaa  let 
freres  Knoi  essayerent  de  di -com poser  le  flaorure  d'argent  par  le 
chlore.  La  principale  objection  &  fairo  a  Icurs  expenenoee  repoM 
snr  00  fait  que  le  fluorure  d'argent  omployu  u'etait  pas  see.  D  est  cot 
efifet  trijs  difflcilo  de  dfishydrater  compliitemeut  les  flaoraiM  i» 
morcure  et  d'argent.  De  plus,  nana  vorrons,  par  les  racherches  ii« 
Fromy,  que  Taction  du  ohiore  sur  les  fluornres  tend  plntot  a  ftmner 
des  proiluits  d'addition, dos  lluouliIurureB,  qn'ik  chasser  le  floor  el»^ 
mettro  ou  liberte. 

Ed  1848,  Louyet  on  op6rant  anssi  dans  des  appareila  en  floorist) 
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^dia  nne  i^'^action  analogue  :  il  fit  r^agir  le  cliloro  sur  le  flnomro  de 
mercnrc.  Lee  objections  qne  Ton  peut  fairo  am  recborches  des  fr^ros 
Edox  B'appliqnont  aussi  aux  tiavaux  de  Lonyot.  Frcmy  a  demontr^ 
que  le  fluomre  de  nicronre  prepare  par  le  proc^d^  de  Lonyet  renfer^ 
mit  encore  ime  notable  quantit6  d'eau.  AuBsi  lee  resultats  obtenus 
teient  asaez  variables.  Lo  gaz  reoneilli  Otait  un  melange  d'air,  de 
cblore  et  d'acidc  flunrb^'drique,  dont  lea  propri^tes  se  modifiaient 
BniTant  la  duree  de  la  preparation. 

Lea  freres  Knox  bo  piaigiiirent  beaucoup  do  Taction  de  I'acide 
fiuorhydriqno  sur  lee  voies  respiratoil^s,  et,  A  la  snito  de  luurs  travauz 
ran  deux  rapporte  qu'il  a  passo  trois  anuees  h  Genes,  et  on  est 
TCTenn  encore  tr^s  souffrant.  Quant  it  Lonyet,  entrain^  par  ses 
recbcrcbes,  il  no  prit  pas  assez  de  precautious  ix>ur  evitcr  Taction 
irriiuite  des  Tnpenrs  d'avide  fluorbydrique,  et  il  paya  de  sa  vie  son 
dt^oaement  k  la  science. 

Oes  rechercbes  do  Lonyet  ameut^ront  Fremy  k  reprendre  vors 
1850  oette  question  do  Tisolement  dn  fluor.  Fremy  ctudia  d'abord 
«TBO  ZD^tbode  les  finorarea  m^talliques;  il  demontra  Texisteuce  do 
nomlireox  fluorhydrates  de  duorures,  imliqua  leura  propriet<'?9  et  leur 
oom|M8ition.  Pais,  il  fit  r^apr  nn  grand  uoiubre  de  corps  gazeux  sar 
peg  dilTtrents  flaorures ;  Taction  da  cLlore,  de  Toxygene  fat  ctudi^e 
•?M  soin.  Eniin,  tonte  son  attention  fut  attireo  but  T^lectrolyse  des 
flnonires  raetalliques. 

La  plaport  do  ces  expSrienooB  ^tait  faito  dans  des  vases  de  platine 
k  iea  temperatures  {tarfois  tres  elevees.  Lorsque,  npres  cetto  6tade 
gJnAml  des  fluorures,  Fremy  reprit  Taction  du  cblore  sur  les 
dnoriiree  de  plomb,  d'antimoine,  do  mercnro  ct  d'argcnt,  il  montra 
iMttement  la  prc^sqne  impossibilite  d'obtenir  h  cetto  ^poque  ces 
flsomrM  absolumcnt  sees.  Aussi  Tun  comprend  quo,  duns  ces 
raeherchee  cdectrulytiqoes,  oe  savant  se  soit  adress^  surtont  au 
flnomro  de  calcium. 

Ayttot  TU  onmbien  les  flnomres  reticnnent  Toau  aveo  avidite,  il 
rtvioDt  tonjonrs  u  cetto  fluorine,  qu'on  trouvo  pnrfois  dans  la  nature 
nn  grand  otut  de  purete,  et  absolurueut  aiiliydrc.  Cost  co 
fcHMUTB  do  calcium  tnaiuteuu  liquido,  grace  ii  uiie  baute  temperature, 
qu'il  va  ('•loctrolyHcr  dans  un  vaso  do  platino. 

Daiis  ct  8  couditions,  le  metal  calcium  so  porto  an  p61e  n^^gatif,  et 
I'tm  vuit,  antonr  do  lu  tigo  do  platino  qui  cou8tituo  Telectrodo  uega* 
tivo  ^t  qui  Bu  rongo  aveo  nipidito,  nn  bouilloiiucmont  iudiquant  la 
BUM?  tin  liberti!  d'un  nouvoan  corps  gazenx, 

Cert&iuemeut,  dans  cos  exporieuccs,  du  fluor  a  M  mis  en  liberty, 

,  n)eanear«,  ropr/'sontez-vous  cotte  electrolyse  faito  &  la  tempera- 

'tun  dn  ruage  vif.     Combiou  Tcxperience  duvient  difficile  dans  ces 

eonditiotis :   comment  rocneillir  lo  gaz  ?  cuinmeut  eu  constuter  les 

ifH/foitim?     Co   ooq>s    gnzonx   d^placo   Tiudo   des   iodurus;    miiis, 

■t&t  qua  Ton  tcute  qu(>l([ueB  OHsais,  lo  metal  alculin,  mis  en 
mmrU',  pc^rcD  la  parui  do  platine ;  tout  est  a  recomniouucr,  I'uppareil 
.  uii  nors  d'usugo. 
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Loin  de  se  deconrager  par  lea  insucces,  Fremy  apporte,  an  oon- 
trniro,  dans  ces  reolierchee,  ane  perse  v^rance  iiicroyabl&  II  nrit 
668  experiences,  uoditie  sob  api>areila,  et  lea  difficult^s  ne  font  qne 
I'enoourager  a  poursnivre  son  etude. 

Denx  fails  importonts  se  degagent  tont  d'abord  de  ses  tnTanx ; 
I'nn  qni  est  cntre  inunediatement  dans  le  domaine  de  la  scieooe; 
1 'autre  qni  semble  avoir  frappe  beanconp  moins  las  eeprita. 

Le  premier  c'est  la  preparation  de  TaciJe  flilorbydrique  anhydre, 
do  I'acide  flnorhydrique  pur.  Jusqn'anx  recbercbes  de  Fremy,  on 
avail  ignore  I'eiistence  de  I'acide  fluorhydriqne  vraiment  prive  d'eto. 
Ayant  prepare  et  analyst  lo  fluorhydrate  do  fluoruro  de  potassium, 
Fremy  s'en  sort  anssit^jt  pour  obtenir  I'acido  flnorhydrique  par  el 
anhydre. 

11  prepare  ainsi  nn  corps  gazeux  a  la  temperature  ordinaire  qni  se 
condense  dans  nn  melange  refrigerant  en  nn  liquide  inoolore  tres 
avido  d'ean.  Yuila,  dono  une  reaction  d'une  grande  importanoe. 
preparation  de  I'acide  fluorhydrique  pur. 

Je  tiens  ^  vous  faire  remarquer  en  passant  que  le  jonr  on  Hon- 
phry  Davy  a  electrolysS  Taoido  flnorhydrique  concentre,  le  liqnide 
mauvais  conducteur  qn'il  obtenait  a  la  fln  de  son  experience  ettut  da 
I'acide  fluorhydrique  a  peu  pr^'S  anhydre. 

Le  second  fait,  qui  a  passe  je  dirai  presqne  inaper9n  et  qni  m'a 
vivement  interessi*,  surtout  a  la  fin  de  mes  recberchee,  c'est  que  le 
fluor  a  la  plus  graude  tendance  u  s'nnir  a  presque  tons  les  composes 
par  voie  d'addition. 

En  un  mot,  le  fluor  forme  avec  facilite  des  composes  temaires  et 
qnaternairea.     Faisons  reagir  le   cblore  sur   nn  fluurure ;    au  Ilea 
d'ieolor    le   fluor,   nous   pieparcrons    nn   flaochlorure.      EmployonB 
I'oxygene,  nous   ferons  nn   oxyfluomre.     Cette   propriety   nous  ei- 
pliquo  I'insucces  des  essats  de  Louyet,  dos  freres  Knox  et  d'aotres 
upi'-ratenre.     Meme  ea  agissant  sur  los  fluorures  sees, dans  une  atmos- 
phere de  cbloro,  de  bromo  ou  d'iodo,  nous  anrons  plntot  des  com- 
posuB  teraaires  que  du  fluor  libre.    Ce  fait  a  ote  nettement  mis  en 
evidence  par  Fretny,     Et  lo  momoire  de  ce  aavont  comportait  nn  si 
graud  iiombra  d'expc'riences,  qn'il  semblo  avoir  deconrage  les  chimis- 
tes,  am'tte  I'essur'de  nouvolles  tentatives.     Dcpuis  1866,  date  del* 
piiblicatiou  du  uiemoiro  de  M,   Fremy,  les   recbercbes   sur  I'scide 
fluorhydrique  et  sur  I'isoletnent  du  fluor  sont  peu  nombrensea    I* 
question  parait  Hubir  un  temps  d'arrut.    Cejiendaut,  en  1869,  M.Qorw 
rciprend  avec  methods  I'etnde  de  I'acide  fluorhydrique.     II  part  de 
I'acide  fluorhydrique  auhydro  prepare  par  la  motliode  de  Fremy;  tl 
d^tonnino  son  point  d'ebullition,  sa  tension  de  vapour  anx  differentel 
temperatures,  oufin   ses   principales  proprietes.      Son   memoirs  «** 
d'une  exactitude  remarquable.     Des  nombreuses  recherches  de  Gorfi'> 
nous  ne  rctiendrons  pour  lo  moment  que  les  soivautee,  sur  leeqoellci 
jo  veux  appeler  votre  attention. 

Ce  savant  ^lectrfdyse  dans  nn  appareil  spt'cial  de  I'acide  flnor- 
hydrique anhydre  contcnant  une  petite  quantite  de  fluornre  de  pIatio«i 
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de  telle  sorte  qu'il  poisse  recueillir  les  gaz  prodnits  a  cbaqne  oleo- 
trode ;  il  voit  an  pdle  aegatif  se  d<^>gager  de  I'bydrogeue  en  abondance, 
tandis  qne  la  tige  qui  terminait  le  pole  positif  etuit  rougee  aveo 
npidit^.  Ce  pbeuomeDe  etait  identique  ti  celui  obteuu  par  Fremy  dans 
r^Iectrolyse  dn  fluorore  de  calcium.  Gorre  verifie  eEsnite  cette 
observation  de  Faraday,  que  I'acide  fluorbydrique  coutcnant  de  I'eau 
laisae  passer  le  cuurant,  mais  que  I'acido  fluurbydrique  absolnment 
pnr,  bien  anbydre,  n'est  nuUement  conducfceur.  Dans  aoe  de  see 
experiences,  Gorre  eesaye  d'electrolyser  de  I'aoide  fluorbydrique  qui, 
par  Buito  d'une  imporetc,  etait  bon  condncteur,  et  Tonlant  eviter 
I'uBQre  de  relectrodo,  il  y  substitue  one  baguette  do  cbarbou. 

Ce  cbarbon,  il  le  prepare  avec  soin,  en  cbauffant  duna  uu  courant 
d'bydrogene  un  bois  dense,  qui  Ini  fournit  uno  tige  sonore,  bonne 
conductrice  de  Fcdectricite.  L'appareil  etant  moate,  il  commence 
I'exptirience  ;  an8sit6t  nne  violente  explosion  se  produit,  les  morceaux 
de  cbarbon  sont  brisks  et  projetes  aux  oxtremitcs  du  laboratoire.  Gorre 
r^pete  I'exp^rience  plnsieura  fois ;  le  rSsuItat  est  toujoura  le  m&oae. 
Noas  ponvons  anjourd'bui  donncr  I'cxplication  do  ce  pLeuom^ne. 

Le  cbarbon  qu'il  preparait  ainsi  jjar  distillation  d'un  bois  tr^s  dor 
6tait  rempli  d'bydrogene.  Yone  aave^  tuus,  messieurs,  combicn  les  gaz 
M  coodenaent  avec  facilite  dans  le  cbarbon  ;  los  belles  oxperioDces  de 
Helsens  I'ont  etabli  d'une  fat^n  tres  nette.  Lorsque  Ton  clectro- 
lysait  enanite  do  I'acide  fluorbydrique  condnctour,  en  plaint  au  pole 
poeitif  nn  aemblable  cbarbon,  il  ee  degagcait  du  Uuor  qui  s'unit  k 
I'hydrogJne,  oommo  nous  le  vorrons  plus  loin,  en  proiluisant  uno 
violcnte  detonation.  Dana  cette  experience  de  Gorre  une  petite 
qoantitti  de  fluor  avait  etu  miae  en  liberty,  et  c'est  &  sa  combinaison 
avec  I'bydrogene  occlus  dans  le  cbarbon  que  I'expIoBion  etait  due, 

Et  maintenant,  meaaiours,  j'arrive  aux  experiences  uouvellea  dont 
/ai  a  vouB  entretenir. 

Je  Buis  parti  dans  ces  recberches  d'une  idee  precon^ae.  Si 
Ton  Enppose  pour  un  instant  que  le  cblore  n'ait  pas  encore  6t6 
isol^,  bien  que  nous  sachions  preparer  los  clilorures  de  phospbore  et 
d'anlroe  composes  similaires,  il  est  de  toute  ovideuce  que  Ton  augiuen- 
IcTtk  los  cLances  qne  Ton  pent  avoir  d'isoler  cct  «^lemetit  en  s'adrossant 
SOX  compost's  quo  le  cblore  pent  former  avec  les  motalloidea. 

II  me  semblait  qu'on  obtiendrait  plutot  du  cblore,  on  essayant  de 
dk>onpofler  le  pentacblorure  de  pbosphoro  on  I'acidu  chlorhydrique 
qo'en  a'adreasant  a  lelectrolyse  du  cbloruro  de  caluioiu  on  d'uu 
dilorurc  aloalio. 

No  doit-il  pas  ea  etrc  de  m6me  pour  le  fluor  ? 

Enfin  Ic  fluor  ^taut,  d'apres  les  recborcbes  auterieurcs  et  parti- 
calieromcnt  cellca  de  Davy,  un  corps  done  d'lifEnites  trc-s  energiquus, 
oa  dovait  pour  ponvoir  recuoiUir  cot  Element,  operer  a  des  tempera- 
toree  anaai  bassos  quo  possible. 

Telles  soot  lea  idces  g^n^ralcs  qui  nous  out  ameu^  u  reprendre 
d'vuo  fMijon  syst^matique  I'^tude  des  combinaisons  formes  par  le  fluor 
•4  lot  metalioidea. 
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^■botrl  aa  iiMma  de  nlicium,  et  j"ai  et6 

de  la  gnukde  stabilitc-  do  ce 

qui,  aa  rouge  sombre,  le  dcdoa- 

■r  1b  floomre  de  silioinm. 

pffO|iri^  si  Ton  remuqao 

dVni  Ins  gsand  d6gagement  do 

dapoiB  IflBgtemps  qne  les  corps 

qa'ila  degageot  pliu  de  cbaloar  aa 

A  ftott  oa  a  ndaon,  avant  meme  d'avoir  wole  le 

k  preparer  oe   corps  simple,  U 

aa  sUicinm   cristallis^.    Et 

redtarches  j'eaperais  avoir  mis  da 

t  d'oBBajar  eette  ruactioa ;  on  rerra 

aar  la  floorore  da  silicitim,  j'si 
da  floor  et  dn  pboepLore. 
PhFl*   un  pentofluorore  da 
FhFI*  et  j'ai  portv  tonte  moa 
d'eBBtjer  on  dedoublemeot 
%  hqannri  avail  aonffe  Hompbry  Davy,  de 
I  da  ^boapbon  dans  1  oxygeae,  et  je  me  snis 
apiKa  qa*!!  a'y  avait  pM  aa  ■bnash'on  d'acide  phoepburiqae  et  miso 
«■  iiMBi§  da  laar.  nn—ii  Taqpfaait  le  savant  anglais,  maia  qos  la 
)  at  Taajgaao  ^Maiaat  anis  poor  doimer  im  noareaa  corps 
,  Vtmy^mmcn  de  pfcoaphoro. 
yfHail  nn  paa  U  aa  aoavel  ezanple  de  cetto  facility  qae  poasdde 
)e  flaor  da  fiNuair  daa  piodaita  d*addition  ? 

J'ai  teai^  alora,  mais  inatilement,  Taction  de  rctinc^llo  d'indnc- 
ti<m  sax  le  trifloororo  de  phoepbore.  Cependant  le  pentaflaoraro  de 
phnaphmra  dfaoavart  par  M.  Thorpe  a  pa  etre  d^oablc  par  de  tres 
■Mtaa  rtneallaa  «b  tnJBoorare  do  pbosphore  et  flnor. 

Oetto  esp4rieafeo  £tait  fitite  dans  one  eprourette  de  verre  snr  1* 
core  k  mereare ;  Toea  peases  bien  qa'immediaicmcnt,  il  so  produUait 
da  flaorore  de  mereare  et  dn  fluomie  de  silicium.  On  ue  ponTiit 
paa  esp6rer  dans  oea  conditions  oonserver  Ic  ilaor,  m^me  noyd  dus 
aa  taaie  de  pentaflaomre.     J'ai  done  sougc  a  one  antre  reaction. 

On  aaTsit,  depais  les  rechercbea  de  Fremy,  quo  Ic  fiuornre  de 
platine,  produit  dana  relectrolyso  dos  flnoraraa  alcalins,  bo  decom- 
|>osait  sons  I'inflnence  d'ono  temperature  Hev^e.  Ayant  constat^  qw 
les  flaorares  de  phospbure  sont  &cilement  absorbds  a  oband  pax  I* 
moosae  do  platine,  areo  production  fiuale  de  pbosphure  do  platine, 
nons  ayions  pense  que  ce  procode  de  pri'paration  dn  Haorure  do  plAtino 
permettrait  d'isolcr  le  flnor.  £n  chaufl'ant  peu  d'abord,  I'abeorption 
du  flaomre  de  phospbore,  par  exeiujde,  donnerait  an  melange  do 
pboephore  et  de  fluorore  de  platine,  et  la  quantity  do  ce  dernier  etant 
a8sez  grande,  nne  olevatiou  do  temperature  poarrait  en  d^gager  I* 
floor.     Ccs  experiences  et  d'aatros  analogues  ont  He  tontces  dims  1m 


1897.] 


mr  U  Fhtor. 


Ml 


I 


eoTiditiona  Ics  plus  propres  k  en  assnrer  le  bucccb  ;  elles  ont  fonmi 
dos  r^ealtats  intereseauts,  mais  qai  u'avnient  pas  une  uettetS  saffi- 
flutte  ponr  rfisoudre  la  qnentioQ  de  rieolctncnt  du  fliior. 

Ea  meme  tempa  qno  so  poiireaivaient  Ics  etudes  pr6c^ontes,  je 
pi^pamifl  le  triflaorare  d'arsenio  qui  avait  ete  obtenn  par  Dumas  dans 
Tin  grand  ^tat  de  pnrete;  je  d^ttinuinais  sea  constantes  physiques 
ainsi  que  qaelqaes  proprietes  nonrelles,  et  j'apportaia  tous  mes  eoios 
4  ^tndier  Taction  du  couraut  electrique  stir  co  compnso. 

Le  flnomre  d'ar*enic,  corps  liquide  a  la  tciuporatnro  ordinaire, 
eompoa^  binairo  forme  d'un  corps  solido,  I'araouio  ot  d'un  corps  gazoiuc, 
lo  fluor,  AOinblait  se  prSter  dans  d'cxcellentea  conditionB  h  dcs  experi- 
«QC««  d'Oloctrolyse. 

J'ai  dfl,  ^  quatro  reprises  differents,  interrompre  ces  rechorches  snr 
le  flnomr«  d'arsenic,  dont  le  mauiement  est  plus  dangereux  quo  ccini 
de  I'acide  flaorbydrique  aubydro  ot  dont  lea  proprietcs  toxiqaes 
m'aTaient  mis  dans  rimpossibilito  de  contiuuer  ces  experiences. 

Je  snis  arrive  cepcndimt  ii  olectrolyser  ce  compost  en  employant 
k  eonraot  produit  par  90  elements  Banseu. 

Dans  ocfl  conditions,  le  cunrant  passe  d'nne  fa^on  continno;  I'ar- 
noic  so  depose  a  letat  pulTc^rnleut  aa  pule  negutif,  et  Ton  voit  so 
former  sur  I'tdoutrode  poBitivo  des  bnlles  gazousos  qui  montent  dauH 
If  liqnide  mais  sont  absorb^es  presque  aussitot.  Le  floor  niig  an  liberie 
est  repris  de  suite  par  le  triiluoraro  d'arsenic  AsFF  qui  passo  ik 
r6tat  do  pentaflnornre  AsFl'.  Cetto  experience,  ponrsuirie  pendant 
longtemp*,  ue  m'a  pas  doune  lo  fluor ;  mais  ello  m'a  foumi  do  precioux 
renacigneiaents  snr  I'ijloctrolyso  dos  composes  fluor6s  liquidos,  et  elle 
m'a  conduit  a  la  decomposition  de  I'acide  fluorbydrique  anbydro. 

Poor  arrivor  h  I'eloctrolyso  do  I'acido  flaorhydriqno,  j'avais  fait 
faire  un  petit  appareil  que  vnns  avoz  sous  les  youi  ot  qui  est  forni6 
d'ou  tube  en  U  cu  platine  portant  sur  cbaque  brancbe  un  tube  ab- 
ductour  plac^  au-dcssns  du  niveau  dn  liquide. 

Lea  donx  ouvertures  do  ce  tube  en  U  devaient  ^tre  ferm^es  par  des 
bonohons  de  liege  imbibes  an  prOalablo  de  paraiSne  ainsi  que  nous 
I'aviona  fait  dans  tontes  noa  experiences  sur  I'dlectrolyso  du  fluomre 
d'arsenio. 

Un  fil  do  platine  traversait  cbaque  bonchon  ct  4^tait  mis  en  oom- 
maniratiuu  avfc  nue  pile  de  oinquanto  elt'tncnts  Buusen. 

Nous  avons  pri5par6  tout  d'abord  de  I'acido  flnorbydriquo  pur  ot 
aohydre,  et  nous  avoits  vn  que  ce  liquido,  ainsi  que  I'avait  indiqne 
Faraday  et  cuHuito  Gorro,  no  condnisnit  uullonient  lo  comtiut. 

L'«!i|)^rionco  a  6to  varioo  do  bicn  des  famous,  lo  resultat  est  ton- 
jotm  lo  moiuo.  Avoc  lo  courunt  foumi  par  90  <51ement8  Bnnsen,  la 
i^oumpoaition  ue  so  prclnit  quo  lorsqu'oD  s'adresse  a  un  aoido  hydrate, 
ti  eotle  d^oomposition  e'arr^to  auesitdt  que  tonte  Tcau  a  Ho  (i6pareo 
aa  I-"'- ■■'■•!o  et  oxygene.  D  scmblo  done  impossible  d'obtcnir,  par 
ca  I  !'j  dMoublement  de  Tacide  fluorhydriquo  en  ecs  elements : 

bjdr<>^<-ii--^  it  fluor. 

Je  nau  mis  eunveun  k  oc  moment,  quo,  dans  los  etndcs  proccdentes 
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snr  le  flnomre  d'arsenio,  j'aTais  esuye  de  rendie  ee  liqnide  bon 
oondacteur,  en  I'additionnaQt  d'ane  petite  qoantite  de  flaamre  da 
manganeBe  ou  de  fluorhydrata  de  fiuornre  do  potassinm.  Ce  procvdS 
fat  appliqn^  a  I'acide  flaorhydrique,  et  c'est  alors  qu*apre«  trois 
annuee  dc  recherches,  j'arrivai  a  la  preniiore  experience  importaute  snr 
risolemont  du  fliior. 

L'acide  flaorhydrique  contenant  da  flaorhydrate  de  fiaomre  dd 
potassiam  eo  decompose  soas  Taction  dn  ooarant  et,  dans  I'appanil 
que  vons  avez  8oub  lea  yeux,  on  pout  obtonir  au  pole  negatif  on 
d^gagement  r^gulier  de  guz  kydrogoue.  Qa'obtient-on  an  pole  poeitif? 
Bien.  Une  l^g^ru  angmoutationde  prcssion,  Toild.  tont.    Senlcment,  ea 
demontant  I'appareil,  on  romarqne  que  le  boucbon  de  liege  da  pola 
poBitif  a  etc  brule,  carbonis^,  eur  une  profondour  d'an  centimetre.    Le^ 
boucbon  de  liSge  paraffinc  du  pole  ncgatif  n'a  pas  &te  alt^re.     D  B'eBt  i 
done  degage  au  pole  positif  un  corps  agissant  ear  lo  liege  aveo  nn&j 
activity  toute  differente  de  cello  de  I'acide  fluorhydriqne. 

Je  dois  ajouter  qu'aSn  de  diminuer  la  tension  de  vapeur  de  I'acida 
flaorhydrique,  nous  avons  refroidi  ce  liquide  dans  nos  expcrienoesj 
an  moyen  du  cblorure  de  methyls,  qui,  par   une  rapide  dvapoiation, 
nous  produit  un  froid  do  —  50^  (oontigrado), 

11  a  fallu  modifier  I'appareil  et  particnliGremcnt  la  fermetare  da 
tube  en  U.  Les  boucbuns  en  fluorine  ^  frottement  doux  ne  m'ont  p« 
donne  de  bons  rosultata.  La  gommo  laqne  on  la  gutta-percha  dont 
on  les  entourait  etait  rapidement  attaque  par  le  corps  gazeux  pro* 
duit  au  polo  positif.  On  dut  alors  recourir  a  une  fermeture  gazeuse^fl 
an  moyen  de  pas  de  vis  en  platine,  et  voici  apr^s  bien  tatoiint;meiiita^fl 
oommeut  reiin'rieDce  ftit  disposee. 

Lo  tube  on  U  en  platiue  est  ferme  par  desbouclions^  vis.  Chacmi 
de  CCS  bouchone  est  form^  par  on  cylindre  do  spath-fluor,  bieji  serti 
dans  un  cylindre  creux  de  platine,  dont  I'ext^rieur  porte  le  pas  de  vis. 
Chaquo  boucbon  de  flaortne  laisse  passer  en  son  axe  nne  tige  cart^ 
de  platine.  Ces  tiges,  plongeant  par  leur  extremit6  inferieare  dant 
le  liquide,  serralent  d'electrodes.  Enfin,  deux  ajutages  en  platine 
soudts  a  chaquc  brancbe  du  tube,  au-dtssous  dee  bouchone,  par  ooq- 
seqnent  au-dcssus  du  niveau  du  liquide,  })Grmcttaient  aux  gaz  degagte 
par  Taction  du  coiirant  de  s'^chappor  au  dehors. 

Pour  obtenir  Tacide  fluorhydriqno  pur  et  anhydre  on  commenM 
par  preparer  lo  fluorhydrato  de  fluornro  de  potassium  en  prenant 
toutcs  les  precautions  indiqncea  par  Fremy.  Lorsqu'on  a  obtena  ce 
&el  pur,  on  le  dceseche  au  bain-marie  a  100°,  et  la  capsule  qui  le  cod- 
tient  e«t  plac<!>e  easuite  dans  le  vide  en  presence  d'acidc  sulfnriqaa 
conccntr^  et  de  potasse  foudue  au  creuset  d'orgent,  L'aciJe  et  h 
potasHo  sent  reiiiplac6s  tons  les  matins  {)endaut  quinze  jonis  et  1« 
vide  est  toujonrs  maintenu  dana  les  cloches  a  1  centim.  de  neroun 
environ. 

II  fftut  avoir  Roin  pendant  cette  dessiccation,  do  pulveriser  loeol  de 
temps  eu  temps  dans  un  mortier  de  fer,  afin  de  ronouveler  les  surface* : 
lursquc  le  fluorbydrate  ne  contieut  plus  d'eau,  il  tombe  en  poosai^ 
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ot  pent  alors  seirir  h  prtrp&rer  I'ocide  flnorhydrique.  H  est  ^  remarquer 
quo  le  dnorhjdrate  de  flaorore  de  potiissium  bieu  pr^par^  est  beaucoup 
moins  d61iqneBcent  que  le  flnorore. 

Lorsquo  le  flaorhjdrate  est  bios  bgo,  il  eat  introdnit  rapidement 
dans  nn  al&mbic  on  platine  que  I'oQ  a  BticbtJ  en  le  portaut  au  rouge 
pen  do  temps  aupftrsvant.  On  le  maintient  a  ime  douce  teniperatnra 
pendant  nue  beure  on  one  heore  et  demie  de  fttijol]  que  la  decomposi- 
tion commence  tr&s  lentement ;  on  perd  la  premiere  portion  d'ocido 
floorhydriqae  form6  qui  eutraino  avec  elle  les  petitos  traces  d'eaa 
pouvant  renter  dans  le  sel.  Lo  recipient  de  platinu  est  alors  adapte  & 
la  cumue  et  Ton  cbauSo  plus  fortemcnt,  tout  en  conduisant  la  d(!-com- 
poeition  du  fluorhydrate  aveo  une  certaine  lenteur.  On  entoure  en- 
suite  ce  recipient  d'un  melange  de  glauc  et  de  sel,  et  a  partir  de  ce 
moment,  tout  I'acide  fluorbydrique  est  condense  et  fournit  ub  liquido 
limpide,  bouillant  a  19° '5,  tres  bygroscopique  ot  produisant,  comme 
Ton  sait,  d'abondantes  fnmoes  en  presence  de  I'bomidite  do  I'air. 

Pendant  cette  op^ratiou,  le  tabo  en  U  en  platine,  dossecb^  a7eo  lo 
pins  grand  soin,  a  6te  fix6  au  moyen  d'un  boucbon  dans  uu  vase  de 
Terre  cylindriquo  et  entour^  de  cblorure  de  metbyle.  Josqn'au 
moment  de  I'introduction  de  I'acide  fluorbydrique,  les  tubes  abduc- 
tenrs  sont  relies  a  des  eprouvottes  dessechantes  cuntouant  de  la  potasso 
fondue.  Poor  faire  jientjtrer  I'acide  fluorbydrique  dans  ce  petit  appareil, 
€m  pent  I'absorber  par  I'un  des  tubes  lat^raus  dans  lo  r^'cipient  m£me 
on  il  s'est  condense. 

Lorsqu'on  a  fait  pen6trer,  ii  I'avance,  un  volume  doterminS  d'ocide 
ilnorhydnqao  liquido  dans  le  petit  appareil  en  platine,  rcfroidi  par  le 
chloruxe  de  metbyle  en  ebullition  tranquille,  a  la  temperature  de 
—  23°,  on  fait  passer  dans  les  electrodes  le  courant  produit  par  25 
^^ments  Bunson,  grand  modele,  months  cu  scric.  Un  amp^ro- 
mdtre,  placS  dans  le  circuit,  permct  de  se  rendre  compte  do  I'inteusitS 
da  conrant. 

Afin  de  rendre  I'acide  conducteur,   nous   y   avons  ajoute,  aTant, 
rexp£ricnce,   une    petite    quantity   de   finorbydrato    de    fluorure    de' 
poUwiam  sccbo  ct  foudn  ;  environ  2  granunoB  ponr  10  centimetres 
cnbea  d'aoide.     Dans  ce  cas,  la  decomposition  so  produit  d'uuo  fiupu 
eontinne,  et  Ton  obtient,  an  pole  n^gatif,  un  gaz  brulant  avec  une 
flamme  incnlore  et  pr6eentant  tous  les  caract^res  de  I'bydrog^ne ;  ao 
piile  positif,  nn  gaz  incolore  d'nne  odenr  p6utltranto  tres  desagreable, 
M3  rapprocbant  de  cclle  de  I'acide  bypocbloronx,  et  irritant  rapide- 
ment   la  moquouse   do   la   gorge  et  les  yeux.     Nous  faisons  en  ce 
moment  rezp^rience  sous  vos  yeux.   Le  nouveau  corps  gazonz  est  dou£ 
dft  proprietes  tres  ^nergiqnes :  vons  Toyez  le  BOi^re  s'enflammer  k  i 
aaa  uontact. 

Lo  phosphore  prend  feu  et  fonmit  un  melange  d'oiyflnorure  et  da 
flaororo  do  phoepbore.  L'iode  s'y  combine  avec  une  flamme  p&le  en 
pardant  sa  coiilenr.  L'arsonic  et  rantimoino  on  poudro  so  com- 
bilMDt  ao  fluur  avec  incundesconce. 

XiQ  nlicium  cristallis^,  froid,  briile  de  suite  au  contact  de  ce  gaz 
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oveo  beanconp  d'^clat.  ParfoiB  3  ee  prodnit  dea  AtinccUee ;  11  sb 
forme  dn  fluorare  de  ailicium  qui  a  ct6  recneilli  anr  le  mercore  et 
Detteniont  c&ractt^risu. 

Le  bore  pur  brule  e^lement  en  ee  traDsformant  en  flnomre  de 
bore.  Le  carbone  amorphe  devieut  incandescent  au  contact  du  floor. 
Poar  faire  ces  differeotes  experiences,  il  Kuflit  de  placer,  cumme  tou 
le  Yoyez,  lea  corps  solidea  dans  nn  petit  tube  do  Terre  et  de  lef 
approober  do  rextremito  da  tube  de  platine  par  leqnel  ee  degage  la 
fluor.  On  pent  anssi  rOpeter  oea  oxp^'riences  en  mettant  de  petita 
fr&guiotita  des  corps  solides  a  etndier  snr  le  couTerole  d'an  crooBOt 
de  platino  mainteua  anprea  de  Toavertare  da  tube  abdoctear. 

Co  gai  dteompoee  I'ean  k  froid  en  fonmiasant  de  I'aoide  flnor- 
hydrique  et  de  Tozone;  il  enflanune  le  snlfore  do  c&rbone  et,  le* 
cucilli  dans  nne  capsule  de  platine  roniplie  de  tutraolilomre  de 
carbone,  il  foumit  nn  d^gagement  continu  de  chlore. 

Le  cblomro  de  potossimn  foudu  est  attaqn^  k  froid,  ayec  digi» 
ment  de  oblore.  En  presence  dn  mercore,  I'abaorption  est  complete 
aTeo  fonnntioa  de  protoduorore  de  mercore  de  couleor  janne  daiz. 
Le  potas&iam  et  le  aodiom  devienneut  incandeacenta  et  fonrniamit 
dea  flaomrea.  D'oiio  tn^n  g^nf^rale,  lea  metanz  aont  attaqo^  mret 
beaoooop  moins  d'encrgie  que  les  metalloidoe.  Cela  tient,  peoani^ 
nooa,  k  ee  qoo  la  petite  qoantite  de  floorore  m^talliqne  formi  euptekt 
I'attaqoe  d'etre  prufonde.  Le  fer  et  le  mangan^  en  poodie  brAlaat 
en  foamiaeaul  dee  etinoellca. 

Lea  oorpa  otgantqitee  aont  vialcmment  attaqoea.  Un  moroeao  da 
liige,  plae6  aapns  de  VextT^mite  dn  tube  de  platine  par  leqnel  le  gM 
ae  degage,  ae  carbonise  anasitot  et  s'onflamme.  L'aloool,  I'edMr,  la 
beuEiue,  roononoo  de  tei^benthine,  le  petrole  prennent  tea  a  aoa 
contact 

£n  operant  dana  da  bonnes  oonditiona  on  pent  obteoir  k  daqm 
pdle  on  reodement  de  2  litrea  a  4  litres  de  gaz  par  benre. 

Loraqne  rexpirience  a  dnr6  plnsienra  faeorea  et  qne  la  qaaatit* 
d'acide  flnorbydriqne  liqoide  rostant  ao  fond  dn  tnbe  n'eat  pia* 
snliaante  poor  aeparar  lea  deox  gaz.  Us  ao  rtoombinent  k  froid  dm 
raf>pM«tl  en  platine,  aTM  me  violente  detonation. 

Nona  nons  sommee  assort  par  de«  experienoee  direetes,  futea  al 
mojen  d'ozone  aatorS  d'actda  flnorhjdriqne,  qn'nn  aemUable  laflsaff 
ne  prodnit  ancnne  dea  rgactiona  decritcs  pr&aedeminent.  H  en  eat  oi 
memo  de  I'acido  flnorbjdnqno  gazenx.  Nona  ajoatenna  que  Taai'* 
flaorhjdriqoe  emplojre  ainsi  que  le  floorhrdrate  de  flaoran  iiMMt 
afasolnment  exMnpts  de  cblore.  Enfin,  on  ne  peat  pas  objaetercvli 
nooTean  gaz  prodnit  emt  on  perflnomra  dlijdrog^ne ;  car  fm.  pv"*'*' 
de  fer  chanfi^  an  ronge  mainteaa  dana  nn  tube  de  {datiaa^  >1  "^ 
•baotbi  eDtAnoHBt  nu  H^gt^matrnt  dliydrogteaL 

Bafia,  daas  das  reebanhe*  ^M  rioentes  je  nw  sma  asamv  q«^  *^ 
powBiTiht  tie  tun  oea  ezpeiieDeea  daaa  an  apparul  de  emm  td  ^ 
ealni  que  Tona  ann  devant  Totm. 

Par  TeJectroljae  de  i'acide  flnajtjdnqne 
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mojeo  de  flnorliTdrate  de  flnonre  de  potasmnm,  on  obtieat  done  an 
pAl«  D^gatif  de  ^'hydzog^JiB  et  an  pAIe  podtif  nn  d^agement  ooatinn 
d'nn  omps  gazcox  pr^eentant  dee  propri^tee  noavelles,  done  d'affinit^s 
trea  ^iiergiqnes :  oe  corps  guzenx  est  le  flnor. 

Koos  avons  pn  en  determiner  la  density  la  oonlesr,  le  spectre^ 
itndier  aon  action  anr  lea  corps  simples  et  composes. 

Maintenant  qne  Ton  connait  lea  principales  propridt^s  da  floor, 
maintenant  que  cet  ^toent  a  pa  etre  isol^,  je  enis  convaincn  qne  Ton 
troQvera,  malgr^  I'^nergie  de  aes  Tdactioaa,  de  nonvellee  method«s  ds 
preparation. 

D  est  a  croire  qne  Ton  arriven  &  preparer  le  floor  par  nn  pro- 
tkAk  ohimiqno  fonmiflBtLnt  de  meillenrs  tendements  qne  le  prooedS 
^lectrolytiqae. 

Le  fiaor  anra-t-il  jamais  des  applications? 

H  cet  bicn  difficile  de  r^pondre  i  oetto  qnestion.  D'aillenrs,  js 
pnis  Ic  dire  en  toutc  Bincerit^,  jo  n'y  pensais  gnere  au  moment  on  j'ai 
entrf  pri«  ces  reoherches,  et  je  crois  qne  tons  les  chimistes  qni  ont 
tenti-  ces  experiences  avant  moi  n'j  pensaient  pas  davantage. 

Une  recherche  ecientiflqae  eet  nne  recherche  de  la  y^rii^,  et  ca 
n'cst  qn'aprcs  cette  premiere  dcoonyerte  qne  les  idSes  d'application 
peuvcut  SG  prodaire  avec  titilit^. 

II  est  evident  qne  lorsqn'on  Toit  les  grandes  transformations 
iadnstrielles  qni  se  font  aujunrd'hni  eons  nos  jenx,  on  no  peat 
as  prononcer  eur  cette  question.  Apres  la  preparation  de  I'acior 
BesMmer.  la  fabrication  dn  mangan^  an  haut  fonraean,  la  prodno- 
tion  de  I'alizarino  do  synthese,  le  chimiste  bikite  toajours  a  nier  la 
ritalite  indnstrielle  d'ane  reaction  de  laboratoire. 

Quand  on  pense  &  la  valcur  qn'avaiont  certains  m^tsnx  tela  que 
Is  potassinm  et  le  sodium,  loreque  Dary  les  preparait  par  elec- 
trolyse ;  quand  on  ee  rappelle  que,  par  le  proced6  do  Gaj-Lussao 
et  Thdnard,  ila  rerenaient  &  qnelqncs  milliers  de  francs  le  kilo- 
gramme, et  qn'aujonrd'hai  par  les  mt'tbudcs  clectrolytiques  ils  ne 
eofltent  pins  que  5  francs,  on  n'ose  plus  dire  qu'une  reaction  chimiqao 
ne  saurait  avoir  d'applicationa  indnstriclles. 

Senlement,  messienrs,  et  c'est  par  la  qne  je  tcrmine,  il  est  cnrieox 
de  Toir  combien  il  fant  d'ofibrts  oontiuus,  de  vues  di£Eerente8,  poor 
arriTer  a  resoudre  une  de  cos  questions  ecicutifiques ;  jo  devraia 
dii«  plntot  pour  fairo  progresser  nne  de  oes  questions  stticntifiqucs,  car 
an  realite  an  sujet  n'est  jamais  ferme.  II  reete  toujours  ouvert  pour 
BOS  sncoeaaonrs :  noos  ne  faisons  qn'ajoutcr  on  annean  k  nne  chaine 
■■wfin. 

^wli'avancomcDt  de  la  science  est  lent ;  il  ne  se  produit  qu*)\  foroe 
VptraTail  et  de  t^nacit^.  Et  lorsqu'on  est  arrive  u  uu  resultat,  ne 
doit-OD  pas  par  reconnaissance  se  reporter  anx  eiTurts  do  ceux  qui 
Tons  ont  precMte,  de  oenx  qni  ont  lutte  ct  peini^  avant  vone?  N'est-co 
ttM  an  effet  nn  devoir  do  rappeler  les  diflicultoB  qn'ils  ont  vaiucues, 
us  Toes  qni  les  ont  dirigce  et  corame-nt  dcs  humiuca,  difleronts  de  pays 
et  d'idtes,  de  position,  et  do  caract^^re,  mus  Boalcmcnt  par  I'amour  do 
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la  Boienee^  se  flont  legate  sans  Be  oonnattre  la  question  inaoherte; 
afin  qn'on  dernier  Tena  pfit  recneillir  lea  recherohes  de  aea  dewt- 
eiera  et  y  ajonter  &  son  tour,  sa  part  d'intelligence  et  de  travail? 
Collaboration  intelleotnelle  entidrement  consaoiie  &  la  redherohe  de 
la  T^t^  et  qui  se  poarBnit  ainsi  de  sidole  en  sidole. 

Oe  patrimoine  acientifiqae  que  nons  oherohons  tonjoatB  &  6tendie 
est  one  partie  de  la  fortune  do  rhnnumitS ;  nons  derons  garder  im 
souvenir  reoonnaissant  k  tons  oenz  qui  Ini  ont  d(nm6  la  ohalenr  de 
leor  coenr  et  le  meillenr  de  lour  esprit. 

[H.M.] 
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ttwnat  has  conferred  one  great  benc&t  on  mankind.  It  haa  Bn\>- 
led  QB  with  a  nevr  sense.  Wo  can  now  Bee  the  inTiBible,  hear  the 
Bodiblo,  and  feel  the  intangible.  We  know  that  the  universe  is 
led  with  a  homogeneous  continuouB  elastto  medium  which  transmits 
mX,  light,  electricity  and  other  fnrms  of  energy  from  one  point  of 
■M  to  another  without  loss.     The  discovery  of  the  real  existence 

this  "ether"  is  one  of  the  great  scientific  events  of  the  Victorian 
1.  Its  character  and  mechanism  are  not  yet  known  by  ua.  All 
tempts  to  "  invent "  a  perfect  ether  have  proved  beyond  the  mental 
r«rers  of  the  highest  Lntollocts.  We  can  only  say  with  Lord  Salis- 
iry  that  the  ether  is  the  nominative  case  to  the  verb  "  to  undulate." 
'e  mtut  be  content  with  a  knowledge  of  the  fact  that  it  was  created 

the  beginning  for  the  transmisaion  of  energy  in  all  its  forms, 
tA  it  transmits  these  energies  in  definite  waves  and  with  a  known 
locity,  that  it  is  perfect  of  its  kind,  but  that  it  still  remains  as 
icrntable  as  gravity  or  life  itself. 

Any  disturbance  of  the  ether  most  originnto  with  some  diHturb- 
ee  of  matter.  An  explosion,  cyclone  or  vibratory  motion  may 
our  in  the  photosphere  of  the  sun.  A  disturbance  or  wave  is  im- 
Bssed  on  the  ether.  It  is  propagated  in  straight  lines  tbrough 
kce.  It  falls  on  Jupiter,  Venus,  the  Earth  and  every  other  planet 
It  with  in  its  course,  and  any  machine,  huroau  or  mechanical, 
twble  of  responding  to  its  nudulations  indicates  its  presence.  Thus 
t  eje  mpplies  the  sensation  of  light,  the  skin  is  sensitive  to  heat, 
B  gBlvmnometer  indicates  electricity,  the  magnetometer  indicates 
Itarbances  in  the  earth's  magnetic  field.  One  of  the  greatest 
ientific  achievements  of  onr  generation  is  the  magnificent  generali- 
lion  of  Clerk-Maxwell  that  all  these  diBturbances  are  of  precisely 
9  same  kind,  and  that  tliey  differ  only  in  degree.  Light  is  on 
lotromagDctio  phi'uomenou,  and  electricity  in  its  progress  through 
ioe  follows  the  laws  of  optics.  Hertz  proved  this  ex{>er{men tally, 
lA  few  of  08  who  heard  it  will  forgot  the  admirable  lecture  on 
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« The  Work  of  Hertz "  given  in  this  hall  by  Prof.  Olirer  Lodge 
three  years  ago.* 

By  the  kindness  of  Prof.  Silvanus  Thompson  I  am  able  to  illna- 
trate  wave  transmission  by  a  very  beautiful  apparatus  deyieed  by 
him.  At  one  end  we  havo  the  tranmnitlcr  or  oscillator,  which  is  a 
heavy  suspended  mass  to  which  a  blow  or  impulse  is  given,  and 
which,  in  oonaoqnence,  vibrates  a  given  number  of  times  per  minata. 
At  the  other  end  is  the  receicer,  or  resonator,  timed  to  vibrate  to 
the  same  period.  Connecting  the  two  together  is  a  row  of  leaden 
balls  Bnsponded  so  that  each  ball  gives  a  portion  of  its  energy  at 
each  oscillation  to  the  next  in  the  series.  Each  ball  vibrates  at  right 
angles  to  or  athwart  the  lino  of  propagation  of  the  wave,  and  as  they 
vibrate  in  different  phases  yon  will  see  that  a  wave  is  transmitted 
from  the  transmitter  to  tho  receiver.  The  receiver  takes  up  these 
vibrations  and  rcsfionds  in  sympatliy  with  the  transmitter.  Here  ws 
have  a  visible  illustration  of  that  which  is  absolutely  invisible.  Th( 
wave  yoa  see  differs  from  a  wave  of  light  or  of  electricity  only  in  ii 
length  or  in  its  frequency.  Electric  waves  vary  from  units 
second  in  long  submarine  cables  to  millions  per  second  when  cici 
by  Ilertz's  motho<L  Light-waves  vary  per  second  between  400billio 
in  tho  red  to  800  billions  in  the  violet,  and  electric  waves 
from  them  in  no  other  rcppoct.  They  are  reflected,  refracted 
polarised,  they  are  subject  to  interference,  and  they  move  throngh 
the  ether  in  straight  lines  with  the  same  velocity,  viz.  186,400  milet 
per  second — a  number  easily  recalled  when  wo  remember  that  it  was 
in  the  year  1864  that  Maxwell  made  his  famous  discovery  at  tbt 
identity  of  light  and  electric  waves. 

Electric  waves,  however,  differ  from  light  waves  In  this,  that  w» 
have  also  to  regard  the  direction  at  right  angles  to  the  lino  of  pro- 
pagation of  tho  wave.  The  model  gives  an  illustration  of  that  whidi 
happens  along  a  line  of  eUctric  force,  the  other  line  of  motion  I  epetk 
of  is  a  circle  aroond  the  point  of  disturbance,  and  these  lines  at* 
called  Utkb  of  magnetic  force.^  The  animal  eye  is  toned  to  ono 
series  of  waves,  the  "  electric  eye,"  as  Lord  Kelvin  called  Hertr'n 
resonator,  to  another.  If  electric  waves  could  bo  rodnoed  in 
length  to  the  forty- thousandth  of  an  inch  we  shoold  see  them  w 
coloTirs. 

One  more  definition,  and  our  ground  is  cleared.  When  elffr 
tricity  is  found  stored  np  in  a  potential  state  in  the  molecules  of  • 
dielectric  like  air,  gloss  or  guttjt-pcrcha,  the  molecules  are  straiooit 
it  is  called  a  charge,  and  it  establishes  in  its  neighbourhood  am  ekcirv 
field.  When  it  is  active,  or  in  its  kinetic  state  in  a  circuit,  i<  '* 
called  a  current.  It  is  found  in  both  states,  kinetic  and  potentJw, 
when  a  current  is  maintained  in   a  conductor.      Tho  surroaadisj^ 


*  This  IB  publiBbed  io  an  enlarged  and  nwful  form  by  '  The  Elaiitria** 
Printing  luiil  Publiabiug'  Company. — W.  H.  P. 
t  Vide  Fig.  4.  p.  471. 
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noighboorbood  is  then  found  in  a  state  of  stress  forming  wbat  is 
called  a  magnetic  fifld. 

In  the  first  case  the  charges  can  be  made  to  rise  and  fall,  nnd  to 
snrge  to  and  fro  with  rhythmic  regularity,  exciting  electric  tcaven 
along  each  lino  of  eloctric  force  at  very  high  freqnencios,  and 
in  the  second  case  the  currents  can  rise  or  alternate  in  direction 
with  the  same  regnlarity — but  with  very  different  frequencies — and 
originate  electromagnetic  tcavet  whose  ware  fronts  are  propagated  in 
the  same  direction. 

*The  first  is  the  method  of  Hertz,  which  has  recently  been  turned 
to  practical  account  by  Mr.  Marconi,  and  the  second  is  the  method 
which  I  hare  been  applying,  and  which  for  historical  reasons  I  will 
describe  to  yon  first. 

In  1884  messages  sent  through  insulated  wires  bnried  in  iron 
pipes  in  the  streets  of  London  were  read  upon  telephone  circuits 
erected  on  poles  above  the  housetops,  80  feet  away.  Ordinary  tele- 
graph circuits  were  found  in  1885  tu  produce  disturbances  2000  feet 
•way.  Distinct  speech  by  telephone  was  carried  un  through  one 
quarter  of  a  mile,  a  distance  that  was  increased  to  1|  mile  at  a  later 
date.  Careful  ex[>eriments  were  made  in  1886  and  1887  tu  prove 
that  those  effects  were  due  to  pure  electromagnetic  waves,  and  were 
entirely  free  from  any  earth-conduction.  In  1892  distinct  messages 
were  sent  acroas  a  portion  of  the  Bristol  Channel  between  Penarth 
I      uid  Flat  Holm,  a  distance  of  3*3  miles. 

K  Early  in  1895  the  cable  between  Oban  and  the  Isle  of  Mull  broke 
^^^down,  and  as  no  ship  was  available  for  repairing  and  restoring  com- 
^■ipnication,  communication  was  established  by  utilising  parallel  wires 
^Poi  each  side  of  the  channel  and  transmitting  signals  across  this 
•pace  by  these  electromagnetic  waves. 

The  apparatus  (Fig.  1)  connected  to  each  wire  consists  of — 
(a)  A  rheotome  or  make  and  break  wheel,  causing  about  260 
ttttdnlations  per  second  in  the  primary  wire. 

(i)  An  ordinary  battery  of  about   100  Leclanche  cells,   of   the 
•O^aliofl  dry  and  portable  form, 
(r)  A  Morse  telegraph  key. 

1(d)  A  telephone  to  act  as  receiver, 
(e)  A  switch  to  start  and  stop  the  rheotome. 
Good  signals  de|>ond  more  on  the  rapid  rise  and  fall  of  the 
primary  current  than  on  the  amount  of  energy  thrown  into  viliration. 
unclanch^  cells  ^ivu  as  good  signals  iit  3-3  miles  distant  as  2.^  H.P. 
'i^nxfonut'd  into  slteruuting  currents  by  an  alternator,  owing  to  the 
^njwlh  siuuH'iidiil  curves  of  the  latter.  260  vibrations  per  second 
^>ve  a  pleasant  note  to  the  ear,  easily  read  when  broken  up  by  the 
*^  into  dots  and  dashes. 

In  my  ektctroiuagnetic   system   two  parallel  circuits  are  ostab- 

nl,  oni-  on  t-ach  side  of  a  channel  or  bank  of  n  river,  each  circuit 

ling  &ucc<'SMivoly   the   primary  and  secondary   oi  an  induction 

Vaittn,  according  to  the  direction   in   which  the  signals  are  being 
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aent.  Strong  alteroating  or  Tibrstiog  carreDte  of  electricitj  are 
tnuismitted  in  the  first  circuit  so  as  to  form  siguals,  letters  ud 
WOT  da  in  Morse  ch&racter.  The  effects  of  the  ride  and  fall  of  tbese 
currents  are  transmitted  as  electromagnetic  waves  throngh  the  int 
Teuing  epiice,  and  if  the  secondary  circuit  is  so  sitnated  as  to 
washed  bj  these  ethereal  wares,  their  energy  is  transformed 
■eeondary  cnrrents  in  the  second  circuit  which  can  bo  made  to  ; 
a  telephone  and  thus  to  roprudnce  the  signals.  Of  oonrse  thoir 
intensity  is  much  re<laood.  but  etill  their  presc^noe  has  been  detected 
though  fire  miles  of  clear  space  have  separated  the  two  circuits. 

Such  eSects  have   been  known   scientifically  in   the  l&bontor; 
sinos  the  days  of  Faraday  and  of  Henry,  but  it  is  only  within  the 
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Fio.  l.^Diagiiuii  of  connectiong  of  Hr.  Preeoe'a  system. 

last  few  years  that  I  have  been  able  to  utilise  them  prsctirallj 
throngh  considerable  distunces.  This  has  been  rendered  possible 
through  the  introduction  of  the  tt-lephone. 

Last  year  (Angust,   1896)  an  effort  was  made  to  oetabliRh  coiB- 
mnnication  with   the  North   Saudhead    (Goodwin)  lightship.     '^^ 
app'iratua  used  was  designed  and  manufactured  by  Messrs.  ErerBlxn 
and  Vignolee,  and  a  most  ingenious  relay  to  establish  a  call  <rx  >"* 
vented  by  Mr.  Evershed.     One  extremity  of  the  cable  was  coiled  Ji>» 
ring  on  the  bottom  of  the  sea,  embracing  the  whole  area  over  vii^'^ 
the  lightship  swept  while  swinging  to  the  tide,  and  the  other  eoJ  *** 
connected  with  tho  shore.       The  ship    was  surrounded   abore  u* 
water  line  with   another  coil.     The  two  coils   were  Bepiir«tedby* 
mean  distance  of  about  200  fathoms,  bnt  communication  was  ^t**""* 
to  be  impracticable.     The  screening  effect  of  the  sea  water  and"* 
effect  of  the  iron  hull  of  the  ship  absorbed  practically  all  the  i 
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of  tbe  onrrents  in  the  coiled  cable,  and  the  effects  on  board,  though 
petoeptibla,  wore  very  trifling — too  minute  fnr  signalling.  Previous 
experitnmits  bad  failed  to  show  the  extromelj  rapid  rate  nt  which 
energy  is  absorbed  with  tho  depth  or  thickness  of  sea  water.  The 
energy  is  absorbed  in  forming  eddy  cnrrentB.  There  is  no  diiBcnlty 
whatever  in  signalling  through  15  fathoms.  Speech  by  telephone 
has  been  maintained  through  C  fathoms.  Although  this  experiment 
haa  failed  through  water,  it  is  thoroughly  practical  through  air  to 
oooaiderable  distances  whore  it  is  possible  to  erect  wires  of  similar 
leugth  to  the  distauce  to  be  crossed  on  each  side  of  the  chaunol.  It 
i»  not  always  possible,  however,  to  do  this,  nor  to  got  the  roqui- 
■it«  bdght  to  secure  the  best  effect.  It  is  impossible  on  a  light- 
ship and  on  rock  lighthouses.  There  are  many  small  islanda — 
S«rk,  for  example— where  it  can- 
not be  done. 

Id  July  last  Mr.  Marooni 
Uronght  to  EngLtnd  a  now  plan. 
My  plan  is  based  entirely  on 
ntilising  electromagnetic  waves 
of  very  loxv  fre<iueuoy.  It  de- 
pcoidii  easentially  on  the  rise  and 
Cdl  of  eurrentt  in  tho  primary 
wire.  Mr.  Marconi  utilises  elec- 
tric or  Hertzian  waves  of  very 
high  frequency,  and  tliev  depend 
ajHJD  the  rise  and  fall  of  electric 
[Mae  in  a  sphere  or  spheres.  Ua 
invont^.'d  a  now  relay  which, 
■nilivoncss  and  delicacy,  ex- 
U  411  known  electrical  ajipa- 
ntna. 

The  peculiarity  of  Mr.  Mar- 
wai's  system  is  that,  apart  from 
4ie  ordinary  couuocting  wiriis  of 
lb«  apparatus,  oonductors  of  very 
modemte  length  only  are  needed, 
uiii  «Ten  those  can  be  dispensed 
▼ith  if  rf  flectorH  are  used. 

The  Trannntilter. — His  trans- 
"ullr  iH  Prof.  Righi's  form  of 
'Wl«'«  r»ditttor  (Fiir.  2). 

Two  spheres  of  »oUd  brasR,  4  inches  in  fliamoter  (A  and  B),  aro 
"*«d  in  an  oil-tight  caBe  D  of  insulating  material,  bo  that  a  hemisphere 
•*aolj  is  oxpoac-d,  the  other  liemispliLro  being  immersed  in  a  bath 
Jl  vuoline  oil.  The  use  of  oil  has  several  a<lvantages.  It  main- 
*•*«  the  surfaces  of  the  spheres  electrically  clean,  avoiiling  tho 
^•«nt  polishing  required  by  Hertz's  exposed  balls.  It  impresses 
^'^  the  waves  excited  by  tlii-se  spheres  a  uniform  and  constiint  form. 

2  I  2 


Fio.  2. — DinRraiii  of  the  Marconi 
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It  tends  to  rbdnoe  the  wave  lengths — Ilighi's  wsTes  are  measored  in 
centimetres,  while  Hertz's  were  measured  in  metrea.  For  tbeee 
reasons  the  distance  at  which  effects  are  produced  is  increased, 
Mr.  Marcoui  nses  generally  waves  of  about  120  centimetres  long.  Two 
email  spheres,  a  and  h,  are  fixed  close  to  the  large  spheres,  and  con- 
nected each  to  one  end  of  the  secondary  circuit  of  the  "  induction 
coil  "  C,  the  primary  circuit  of  which  is  excited  by  a  liattery  E, 
thrown  in  and  out  of  circuit  by  the  Morse  key  K.  Now,  wheni-ver 
key  K  is  depressed  sparks  pass  between  1,  2  and  3,  and  since  tl 
system  A  B  contains  capacity  and  electric  inertia,  uscillations  are 
up  in  it  of  extreme  rapidity.  The  line  of  propagation  is  D  d,  and 
frequency  of  oscillation  is  probably  aboot  250  millions  per  second. 

The  distance  at  which  effects  are  produced  with  such  rapid 
oscillations  depends  chiefly  on  the  euergy  in  the  discharge  that  paasea 
A  6-inch  spark  coil  has  snflSced  through  1,  2,  3,  np  to  four  miles, 
but  for  greater  distances  we  have  used  a  more  powerful  coil 
emitting  sparks  20  inches  long.  It  may  also  be  pointed  out  that  thi 
distruioe  increases  with  the  diameter  of  the  spheres  A  and  B,  and 
is  nearly  doubled  by  making  the  spheres  solid  instead  of  hollow. 

The  Receiver. — Marconi's  relay  (Fig.  2)  consists  of  a  email  gli 
tube  four  centimotres  long,  into  which  two  silver  pole-pieces  tit 
tightly  fitted,  separated  from  each  other  by  about  half  a  millimetrt 
— a  thin  spac«  which  is  filled  up  by  a  mixture  of  fine  nickel  and 
silTcr  filings,  mixed  with  a  trace  of  mercury.     The  tube  is  exhausted 
to   a   vacuum  of  4    mm.,   and    sealed.      It  forms  part  of  a  circuit 
containing   a   local   cell   and  a   sensitive    telegraph  relay.      In  its 
normal  condition    the    metallic    powder   is   virtnully    an   insulatur. 
The   particles  lie   higgledy-piggledy,  anyhow   in  disorder.      TUj 
lightly  touch  each  other  in  an  irregular  method,  but  when  electiiff 
waves  fall  upon  them  they  are  "  polarised,"  onler  is  installed.     Tbey 
are  marshalled  in  serried  ranks,  they  are  subject   to   pressure— in 
fact,  as  Prof.  Oliver  Lodge  expresses  it,  they  "  cohere  " — electrieJ 
contact  ensues  and  a  current  passes.     The  resistance  of  suc-L  a  spue 
falls  from   infinity  to  about  five  ohms.     The  electric  resistance  of 
Marconi's  relay — that  is,  the  resistance  of  the   thin   disc  of  Iot'W 
powder — is  practically  infinite  when  it  is  in  its  normal  or  disordend 
condition.      It  is,  then,  in  fact,  an  insulator.      This  resistance  diop* 
sometimes  to  five  ohms,  when  the  absorption  of  the  electric  wsTeed.' 
it  is  intense.     It  therefore  becomes  a  c^>nductor.      It  may  be,  as  ^n^ 
gcsted  by  Prof.  Lodge,  that  we  have  in  the  measurement  of  the  mrisl'l*' 
resistance  of  this  instrument  a  means  of  determining  the  inteusityo* 
the  energy  falling  upon  it.     This  variation  is  being  investigated  b""* 
as  regards  the  magnitude  of  the  energy  and   the  frequency  <it  ^* 
incident  waves.     Now  such  electrical    effects   are  well    known.    '° 
1866  Mr.  S.  A.  Varley  introduced  a  lightning  protector  const/'"!''''! 
Lke  the  above  tube,  but  made  of  boxwood   and  containing  pow'i''*" 
carbon.     It  was  fixed  as  a  shunt  to  the   instrument  to  be  pn>te(l*'<'' 
It  acted  well,  bnt  it  was  subject  to  this  coherence,  which  teoi^' 
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the  cure  more  troublesome  than  the  disease,  and  its  use  hod  to  be 
abandoned.  The  same  action  is  very  commou  in  gi'anulated  carbon 
zuicru])hoQe8  like  HuuDing's,  and  shaking  has  to  be  resorted  tu  to 
decohere  the  carbon  particlus  to  their  normal  state.  Mens.  E.  Branly 
(1890)  showed  the  effect  with  copper,  aluminium  and  iron  filings, 
i'rof.  Oliver  Lodge,  who  has  done  more  than  any  one  else  in  England 
tu  illustrate  and  popularise  the  work  of  Hertz  and  bis  followers,  has 
given  the  name  *'  coherer "  to  this  form  of  apparatus.  Marconi 
"  decoheres  "  by  making  the  local  current  very  rapidly  vibrate  a  small 
hanuuer  head  against  the  glass  tube,  which  it  does  effectually,  and  in 
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Fic.  3. — Map  of  locality  where  ILe  cxpcrimontd  were  carried  uul. 

^^%  v>  makes  such  a  sound  that  reading  Morse  characters  is  easy. 
^'M  Mine  current  that  decoheres  can  also  record  Morse  signals  on 
IfPW  by  ink.  The  exhausted  tube  has  two  wings  which,  by  their 
jKtaae  the  receiver  to  the  transmitter  by  varying  the  capacity  of 
^•pparatns.*  Choking  coils  prevent  the  energy  escaping.  The 
^^^'(igjr  to  Prof.  Silvanus  Thompson's  ivavo  apparatus  is  evident. 
^'''^lUtionB  set  up  in  the  transmitter  fall  upon  the  receiver  toned  in 


Tlu!  iwriod  of  vibriitiou  of  a  circnit  is  given  by  the  equution  T  =  2  »  V'KL, 
?°J«ui»»  liMvu  (imply  to  vary  eitlier  the  capikcity  K  or  tbc^  so-called  "■elf- 
'"uuctiun  "  L  to  tone  the  leooivor  to  any  frequency.    It  la  simpler  to  vary  K. 
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sympathy  with  it,  coherence  follows,  currontB  are  excited  and  signals 
made. 

In  open  clear  spaces  within  sight  of  each  otb^  nothing  more  is 
wanted,  bat  when  obstacles  intervene  and  great  distances  are  in 
question  height  is  needed — tall  masts,  kitc-s  and  balloons  have  been 
nsod.  Excellent  signals  have  been  transmitted  between  Fenartli  aud 
Brcan  Down,  near  Weston-super-Mare,  across  the  Bristol  Channel,  a 
distance  of  nearly  nine  miles  (Fig.  3).  [The  system  waa  here  sbonm 
in  oi)eriitiou  ] 

Mirrors  also  assist  and  inten$>ify  tlie  effects.  They  were  used  in 
the  earlier  experimentfi,  but  they  have  been  laid  aside  for  the  prtseot, 
fur  they  are  not  only  expensive  t<>  make,  but  they  occupy  much  time 
in  inaunfacture. 

It  is  cnrious  that  hills  and  apparent  obstmctions  fail  to  obstruct. 
The  reason  is  probably  the  fact  that  the  lines  of  force  escajte  these 
hills.  ^Vhen  the  ether  is  entangled  in  matter  of  different  degrees  of 
inductivity  the  lines  are  curved  as  in  fact  thc-y  arc  in  light.     Fig.  4 


Fig.  4. — DiRKraro  illuglratin^  the  way  in  which  Iiilla  are  bridged  by  the 
electric  waves. 


shows  how  a  hill  is  virtually  bridged  over  by  these  lines,  and  conse- 
quently some  electric  waves  fall  on  the  relay.  Weather  seems  to 
have  no  influence :  rain,  fogs,  snow  and  wind  avail  nothing. 

The  wiugs  ehowu  in  Fig.  2  may  be  removed.  One  pole  can  Ixi 
connected  with  earth,  and  the  other  eitouded  up  to  the  top  of  tho 
mast,  or  fastened  to  a  balloon  by  means  of  a  wire.  The  wire  k^ 
balloon  or  kito  covered  with  tin  foil  becomes  the  wiug.  In  thigmw 
one  pole  of  the  transmitter  must  also  be  connected  with  earth.  Thii 
is  shown  by  Fig.  5. 

There  are  some  apparent  anomalies  that  have  developed  tboo- 
selves  during  the  experiments.  Mr.  Marconi  finds  that  his  rels;  kU 
even  when  it  is  placed  in  a  perfectly  closod  metallic  box.  Tbii  « 
the  fact  tliat  has  given  rise  to  the  rumour  that  he  can  blow  a}*  u 
ironclad  ship.  This  might  be  true  if  ho  could  plant  his  prO]«rlT 
tuned  receiver  in  tho  magazine  of  an  enemy's  ship.  Mauy  othpr 
fanny  things  could  be  done  if  this  were  possible.  I  remember  ia  ^7 
childhood  that  Gapt.  Warner  blew  up  a  ship  at  •  great  distuM  o' 
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Brighton.  How  this  was  done  was  never  known,  for  his  secret  diod 
shortly  afterwards  with  him.  It  certainly  was  not  by  means  of 
Marconi's  relay. 

'I  ho  distance  to  which  si^mals  have  been  sent  is  remarkable.  On 
Salisbury  Plain  Mr.  Marconi  cuvered  a  distance  of  four  miltis.  In 
the  liristdl  Cliaunel  thiM  has  been  extende<l  to  over  eight  miles,  and 
we  have  by  no  means  reached  the  limit.  It  is  interesting  to  read  the 
sarmiaefl  of  others.     Half  a  mile  was  the  wildest  dream.* 

It  is  easy  to  transmit  many  messages  in  any  direction  at  the  same 
time.  It  ia  only  necessary  to  tnne  the  trausmittcrs  and  receivers  to 
the  name  frequency  or  "  note."    I  could  show  thia  here,  but  we  are 


Fio.  5. — Disgram  of  Marooni  connections  wben  luing  pola  or  kite. 


bothered  by  reflection  from  the  walls.  Thia  does  not  happen  iu  open 
•pace.  Tuning  is  very  easy.  It  is  simply  necessary  to  vary  tho 
capacity  of  the  roceivor,  and  this  is  done  by  increasing  the  length  of 
the  wingB  W  in  Fig.  2.  Tho  proper  length  is  fmind  experimontally 
cluM  to  tho  transmitter.    It  is  practically  impossible  to  do  so  far  away. 


*  "  t7Dfortiiiiate1y  at  preaent  we  cannot  detect  the  electromRgnetio  waves 
Bore  Omti  100  feet  from  their  source." —Trowbridge,  1897,  '  Wbot  is  Elec- 
tiit'ity,'  page  256. 

Btitinn  10  yard*  >>ccnate  that  was  one  nf  the  first  out  of  door  expori- 
I  alioalil  ill  Ink  thut  Mometfalng  more  like  half  a  mile  was  nearer  the 
TaimHibility.    However,  thia  ii  a  null  statumeut  not  at  present  verified." — 
Oliver  Lodge,  18M,  "The  Wi>rk  of  UcrU,'  page  18. 


476  Mr,  W,  H.  Preece  on  SiynaUinij  without  Wire$,       [June  1, 

It  faas  been  said  that  Mr.  Marconi  has  done  nothing  new.  He  bu 
not  diBCorered  any  new  raje  ;  his  transmitter  is  comparatiTelj  old ;  hii 
receiver  is  based  on  Brauly's  coherer.  Columbus  did  not  inveDtthe 
egg,  but  he  showed  how  to  make  it  stand  on  its  end,  and  Marconi  hu 
pruduccd  from  known  moans  a  new  electric  ejo  more  delicate  tbto 
any  known  electrical  instrument,  and  a  new  system  of  tel^rapb j  Ibkl 
will  reach  places  hitherto  inuccessible.  There  are  a  great  m»ny 
practical  points  connected  with  this  system  that  require  to  be 
threslied  out  in  a  practical  manner  before  it  can  be  placed  on  the 
market,  but  enough  baa  beeu  done  to  prove  its  yaluo,  and  to  «hi>» 
that  for  sLipping  and  lighthouse  purposed  it  will  bo  a  gmat  aad 
valuable  acc^uisition. 

[W.H.P.J 
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WEEKLY  EVENING  MEETING. 
Friday,  Jane  11,  1897. 

Pbedkuick  Abel,  Bart.  K.C.B.  D.C.L.  LL.D.  F.R.S. 
Vice-Presideut,  in  the  Cbair. 

William  Cuoosxa,  Esq.  F.R.S.  M.RJ. 

Diamonds, 

t>ut  the  other  day  I  saw  Loudon  in  e,  blaze  of  illumiuatiou 
Kte  Her  Majesty's  happy  accesBion  to  the  throne.     As  in  a 

■  the  whole  Empire  will  bo  celebrating  the  Diamond  Jubilee 
Qaeen,  who  will  then  have  reigned  OTer  her  muItitudiuouH 
I  for  sixty  years,  what  more  suitable  topic  can  I  bring  before 
kit  than  that  of  Diamonds  1     One  often  hears  the   question 

rhy  Diamond  Jubilee  ? "  I  suppose  it  is  a  symbol  intended 
faint  notion  of  the  pure  brilliancy  and  durability  of  tho 
I  reign  ;  and  in  thus  associating  Her  Majesty  with  the  precious 
djtooonvey  an  idea  of  those  uoblo  qualities  public  and  privato 
■re  earned  for  her  Uie  lore,  fealty  and  reverence  of  her  aub- 

m  the  earliest  times  tho  diamond  has  occupied  men's  minds. 
«€n  a  perennial  puzzle — one  of  the  riddles  of  creation.  The 
pher  Steffans  is  accredited  with  tho  dictum  that,  "  Diamond  is 
which  has  arrived  at  self-consciousness !"  and  an  eminent 
it  has  parodied  this  metaphysical  definition,  saying:  "Quartz 
}Dd  which  has  become  insane  I  " 

[iaasor  Maskolyne,  in  a  lecture  "  On  Diamonds,"  thirty-seven 
{o,*  in  this  very  theatre,  said,  "The  diamond  is  a  substance 
trsaacends  all  others  in  certain  properties  to  which  it  is 
fc|br  its  usefulness  in  the  arts  and  its  beauty  as  an  ornament. 

■  the  one  hand,  it  is  the  hardest  substance  found  in  nature  or 
M  by  art.  Its  reSectiug  power  and  rcfnictive  energy,  on  tho 
kud,  exceed  those  of  all  other  colourless  bodies,  while  it  yields 
b  the  perfection  of  its  pellucidity  " — but  he  was  conBtniined 
P'he  formation  of  tlie  diamond  is  an  iinsolvcd  problem." 
ently  tho  subject  bus  attraototl  many  men  of  science.  Tlio 
mcnt  of  electricity,  with  tho  introduction  of  the  electric  fur- 

ilated  research,  and  I  think  I  am  justitiod  in  saying  that 
d  problem  is  not  actually  solved,  it  ie  certainly  no  loogor 


•  •CLomical  Nu*b,'  »o1.  t.  p.  2W. 
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In  the  early  p«rt  of  last  year,  accompanied  by  my  wife,  I  TiKik-d 
Bome  of  onr  Colonies  in  Soutb  Africa,  and  spent  a  considerable  time 
in  tlie  neighboorbood  of  the  famons  Diamond  Mines  of  Eiiubtrlef, 
where  I  bad  an  exceptionally  good  opportunity  of  studying  the  peco- 
liar  geological  formation,  and  of  noting  interesting  facts  conuoctod 
witii  the  occurrence  of  the  precious  stone  which  forms  the  subject  of 
this  evening's  lecture. 

Although  the  experiments  I  wish  to  bring  before  you  are  chiefly 
connected  with  the  physical  and  chemical  properties  of  diamonds,  and 
of  the  light  that  recent  researches  throws  upon  their  probable  forma- 
tion, it  will  possibly  net  as  a  kind  of  compensation  for  the  drjne«  of 
some  of  the  theoretical  points  if  with  the  help  of  a  few  photographs  * 
taken  on  the  spot,  I  bring  before  your  very  eyes  the  geueral  chaivoter 
of  the  famous  mines  aud  their  surroundings. 

The  most  famous  diamond  mines  are  Eimberley,  Da  Been, 
Dutoitspan,  Bulfontein  aud  VN'esselton.  They  are  situated  in  lati- 
tude 28°  43'  South,  and  longitude  24"  46'  East.  Kiinberley  town 
is  4042  feet  above  sea-level.  Other  mines  in  the  district,  as  yet 
unimportant,  are  worked  for  diamonds.  Kiniberley  is  praotioally  in 
the  centre  of  the  present  diamond-producing  area.  Besideg  tbeao 
mines,  there  are  in  the  Orange  Free  State,  about  60  miles  from  tlw 
Kimberley  diamond  region,  two  others  of  some  importance  known  as 
Jagersfoiitein  and  Coffeefontein. 

Before  describing  the  present  mode  of  diamond  extraction  followed 
in  the  loading  mines,  I  will  commence  with  tho  so-called  "  KiveR 
Washings,"  where,  in  their  original  simplicity,  can  be  seen  tli«j 
methods  of  work  and  the  simple  machinery  long  since  disciuded  ia 
the  large  centres  (Fig.  I ).  Those  drifts  or  *'river- washings "preseal 
an  interesting  pha^e  of  diamond  industry.  The  work  is  carried  out 
in  the  crude  fashion  of  early  diamrmd  discovery,  every  man  working 
on  his  on'n  little  claim,  assisted  by  a  few  natives,  aud  employing 
primitive  machinery.  Tho  chiff  centre  of  the  river  washings  is  at 
Kli]>dmii  No.  2,  abont  30  miles  to  tho  north-west  of  Kimberley.  Tb» 
road  to  Klipdam  No.  2  involves  a  journey  of  abont  a  dozen  miles  in 
one  of  tbo  old  African  coaches  now  becoming  obsolete  through  the 
spread  of  railways.  Koad  there  is  none — only  a  track  across  the 
Teldt  made  by  countless  teams  of  oxen  and  mnles, 


I 
1 


Diamonds  from  the  "  river  washings  "  are  of  all  kinds,  as  if  efsry 

^e  in    the    neighbourhood    contributed.     The    samples  are  ju"*''' 

rolled  and  etched,  and  contain  a  fair  projHirtion  of  stones  of  very  pt"* 


quality,  as  if  only  the  better  and  larger  stones  had  survived  the  orieu 
of  knocking  about. 

Diamomls  from  the  drift  fetch  about  40  per  cent,  more  than  thoe* 


% 


•  Of  the  photofrniphs  illnstmtin)!;  this  lecture.  Nob.  i  and  7  are  fmoi  pi** 
knt  by  Mr.  GurJiior  WilliniuB,  smd  Noa.  3.  5,  6,  8,  9,  12,  13  and  18  iin  f^P"*"' 
phot(i|j;mpb8  purchased  at  Kiiiibcrluy.  The  remaining  twenty  were  photogi*]''"'' 
by  myBelf. 


I,— Alluvial  Diamond  Wathinf; 


"~^ 


a.— Market  Sujuarc.  KiRibvrley 


^ 
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B  Kimborley :  t&kiug  the  yield  of  the  Kimberley  and  Do  Beers 
^8  u  worth,  all  round,  largo  and  Bm&ll,  2C«.  6<j.  a  carat,  the  drift 
botMiii  are  WDrth  408. 

The  town  of  Kimberley  is  a  remftrkablo  instance  of  rapid  growth 
g.  2).  It  hoe  an  excellent  club  and  one  of  the  beftt  public 
atrie*  in  Soath  Africa.  Ports  of  the  town,  affectionately  called 
le  camp"  by  the  older  iuhabitanta,  are  still  in  the  galrauiscd  iron 
'tin  shanty  "  stage  (Fig.  3),  and  the  general  appearance  is  unlovely 
t  depressing.  Reunort  reckons  that  over  a  million  trees  have  been 
led  to  BDpply  timber  for  the  mines,  and  tbe  whole  country  within 
idius  of  100  miles  has  been  denuded  of  wood,  with  most  injnrions 
Icta  to  the  climate.  The  extreme  dryness  of  the  air,  and  the 
lence  of  trees  tr>  break  the  force  of  the  wind  and  temper  the  beat 
the  sun,  probably  account  for  the  dust  storms  so  frequent  in 
Dmer.  The  temperature  in  the  day  frequently  rises  to  100^  in  the 
ide,  but  in  so  dry  a  climate  this  ie  not  unpleasant,  and  I  felt  less 
fcawcd  thau  I  did  in  London  the  previous  September.  Moreover, 
iKimberley,  owing  to  the  high  altitude,  tbo  nights  are  always 
fl. 

'The  five  noted  diamond  mines  are  all  oootained  in  a  circle 
tSilM  in  diameter  (Fig.  4).  The  mines  are  irregularly  sliaped 
Ihd  or  oval  pipes,  exteTiding  vertically  downwards  to  an  unknown 
fth,  retaining  about  tlio  Kame  diameter  throughout.  Thoy  are 
d  to  be  volcanic  nccka  (Fig.  5),  filled  from  below  with  a  hctero- 
■ipl  mixture  of  fragments  of  tbe  surrounding  rocks,  and  of 
P^ocka  such  as  granite,  mingled  and  comeutod  with  a  bluish 
loured  hard  clayey  mass,  in  which  famous  blue  the  diamonds  are 
Idea. 

The  breccia  filling  the  pipes,  usually  called  "blno  ground,"  is  a 
Section  of  fragments  of  shale,  eruptive  rooks,  boulders,  and  orystuls 
Inany  kinds  of  minerals. 

The  Kimberley  mine  for  the  first  70  or  80  feet  is  filled  with  what 

called  "  yellow  ground,"  and  below  that  with  *'  blue  ground." 
Ii«  iinperposed  yellow  on  blue  is  common  to  all  the  mines.  The 
ks  18  the  unaltered  ground,  and  owes  its  colour  chiefly  to  the 
teetico  of  lower  oxides  of  iron.  When  atmospheric  influences  hove 
k»M8  to  the  iron  it  becomes  peroxidisod,  and  tbe  ground  bsbuiucs  a 
llow  colour.  The  thickness  of  yellow  earth  in  tbo  miucs  is  thero- 
te  «  moaauro  of  the  depth  of  penetration  of  air  and  moiaturo.  The 
K>nr  does  not  affect  the  yield  of  diamonds. 

The  diamantiferons  clay  or  blue  ground  shows  no  signs  of  passing 
fOngh  groaPhoat,  as  tbe  fragments  in  the  breccia  nre  not  fused  at 
h  cA'jr-H.  The  eru[)tive  force  was  probably  etciim  or  water-gas, 
'  r  great  j)ro«8ure  but  at  no  high  tcmpemture.     According 

I       !i.  in  tlje  Kimberloy  mine,  at  a  depth  of  120  feet,  several 
All  freah- water  shells   were  discovered   in  what  appeared  to   be 
disturbed  material. 
i  Let  me  cdto  a  description  of  a  visit  to  Kimberley  in  1872,  bj 
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Mr.  Ptitoreoii,  tftlccn  from  a  paper  read  to  the  Geolo^sta'  Asoociation, 
which  gives  a  graphic  picture  of  the  early  days  of  the  Kimbcrley 
mine: — 

"  Tlie  New  Rush  diggings  (as  the  Kixuberley  Mine  was  first 
called)  are  all  going  forward  in  an  oval  apace  ouoloecd  aruond  by 
the  trap  dyke,  of  which  the  lar)!cr  diameter  is  about  1000  feet,  while 
the  shorter  is  not  more  than  700  feet  in  length.  Here  all  the  daima 
of  31  feet  square  each  are  marked  out  with  roadways  about  12  feet  in 
width,  occurring  every  60  feet.  Upon  these  roadways,  beside  a  short 
pole  fixed  into  the  roadway,  sits  the  owner  of  the  claim  with  watchful 
eye  upon  the  Kaffir  diggers  below,  who  till,  and  hoist  by  means  of  • 
pulley  fixed  to  the  pole  above,  bnckotful  alter  bucketful  of  the  picked 
marl  stuff  in  which  the  diamonds  occur." 

Soon  came  the  difficulty  how  to  continue  working  the  bo^t  of 
separate  claims  without  infringements.  A  system  of  rope  hanlage 
was  then  adopted.  This  mode  of  haulage  continued  in  vogue  during 
the  whole  of  1873,  and  if  the  appearance  of  the  mine  was  less 
picturesque  than  when  roadways  existed,  it  was,  by  moonlight 
particnlarly,  a  weird  and  beautiful  sight. 

But  the  mine  was  now  threatened  in  two  other  quarters.  The 
removal  of  the  blue  ground  undermined  the  support  from  the  walU 
of  the  pipe,  and  frequent  falls  of  reef  occurred,  not  only  burying 
valuable  claims  but  emlangtriug  the  lives  of  workers  below  (Fig.  C). 
Moreover,  as  the  workings  deepeuod,  water  made  it«  appearance, 
necessitating  pumping. 

It  soon  became  evident  that  open  workings  were  doomed,  and  by 
degrees  the  present  system  of  underground  working  was  devised. 

During  this  time  of  {Xirplexity,  individual  miners  who  might  have 
managed  one  or  two  claims  near  the  surface  could  not  continue  wurk 
in  the  face  of  harassing  difficulties  and  heavy  expenses.  Thus  the 
claims  gradually  chuugod  Lands  until  the  mine  became  the  property 
first  of  a  comparatively  small  number  of  capitalists,  then  of  a  smaller 
nnmber  of  limited  liability  companies,  until  the  whole  of  the  mines 
havo  practically  become  the  property  of  the  "  De  Boers  Ck>nsolidated 
Mines,  Limited." 

The  areas  of  the  mines  are : — 


Kiniberley  33 

DtJ  lii^re  SS 

Dutoitapon 45 

BulfoDtein  36 


The  contents  of  the  several  pipes  are  not  absolntely  identical. 
The  diamonds  from  each  pipe  differ  in  character,  showing  that  the 
upfiow  was  not  simultaaeons  from  one  large  reservoir  below  but  was 
the  result  of  several  independent  eruptions.  Even  in  the  same  miiMi 
there  are  visible  tracer  of  more  than  one  eruption. 

Thu  blue  ground  varies  in  its  yield  of  diamonds  In  different  mines. 


S. — Klmherley  Mlne--Volc«nlc  Neck. 
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6.— Klmberky  Mine  In  1873. 
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bat  is  pretty  CMmstont  in  the  samo  mine. 
of  blttft  ground  was — 


In  1890,  the  yield  per  load 


From  the  Kimherley  mine 
„        De  Beers  mine 
„        DutoiUpnn  mine 
„        Balfouteiu  minu 


from  1 '25  to  1*5    carat. 
„     1-20  „  1-33      „ 
„    017  „  0-5       ,. 
„    0-5    .,  0-33      „ 


In  the  face  of  constAnt  developments  I  can  only  deBcribe  iLe 
iftteia  in  use  at  the  tiinu  of  my  visit.  Shafts  are  sunk  in  the  eolid 
lock  at  a  snfficient  distance  from  the  pipe  to  be  safe  against  reef 
Boveinents  in  the  open  mine  (Fig.  7).  Tunnels  are  driven  from  this 
ibaft  at  diffurent  levels,  ubout  120  feet  apart,  to  cross  the  mine  from 
vnt  U)  east.  These  tunnels  are  connected  by  two  uthors  running 
iWTtb  and  snath,  one  near  the  west  side  of  the  mine  tind  one  midway 
between  it  and  the  east  margin  of  the  mine.  From  the  east  and  wcut 
taaaels  offsets  are  driven  to  the  surrounding  rock.  When  near  the 
tuck,  the  offsets  widen  into  galleries,  these  in  turn  being  stopcjd  on 
the  lilies  nntil  they  meet,  and  upwards  until  they  break  throngh  the 
hloe  ground.  The  fallen  reef  with  which  the  upp«r  part  of  the  mine 
(■filled  sinks  and  partially  fills  the  open  6imc:u.  The  workmen  then 
*tud  on  the  fallen  reef  and  drill  tho  blue  ground  overhend,  and  as 
the  ruof  is  blasted  back  tho  dt^&ris  follows.  Wben  etu|!ii)g  between 
two  tunnels  tho  blue  is  stoped  up  to  the  d^hria  about  midway  between 
tht  two  tunnels.  The  upper  levels  are  worked  back  in  advance  of 
*h»  lower  levels,  and  the  works  nssumo  the  fhajie  of  irregular  terraces. 
Tbe  main  levels  are  from  90  to  120  feet  apart,  with  intermediate 
^«la  every  30  feet.  Hoisting  is  done  from  only  ouo  level  at  a  timo 
^Itrongfa  the  same  shaft.  Uy  this  ingeniuus  method  of  mining  every 
portion  of  bine  ground  is  excavated  and  ratsod  to  tlie  surface,  the 
l^bbish  on  tho  top  gradually  sinking  and  taking  its  place. 

The  Fcene  below  ground  in  the  labyrinth  of  gnlleries  is  bewil- 
^*nnii  in  its  complexity,  and  very  unlike  the  popular  notion  of  a 
■i«nond  mine  (Figs.  8,  9).  All  IkiIow  is  dirt,  mud,  grime  ;  half  naked 
^*Q,  black  as  ebony,  muscular  as  athletes,  dripping  with  perEpirntion, 
•*•  aaen  in  every  direction,  hamnu'ring,  picking,  Bhovelling.  wheeling 
***e  trucks  to  and  fro,  keeping  up  a  weird  chant  which  rises  in  force 
*J'l  rhythm  when  a  titanic  task  calls  for  cxcet'sive  muscular  strain. 
^Q«  whole  scene  is  moro  suggestive  ot  a  oial  mine  than  a  diamond 
****»«,  and  all  this  mighty  organisation,  this  strenuous  ixpondititr<^  of 

I  ?^i»mf.  this  costly  maohiuory,  thii^  ccaecleHS  toil  of  skilled  and  black 
^T^«taqr,  go6<i  on  day  and  night,  jubt  to  win  a  few  stones  wherewith  to 

^clt  my  latly's  ftngor! 

Owing  to  the  refractory  character  of  blue  ground  fresh  from  the 

^Hca,  it  has  to  be  exposed  to  atmospheric  intluenccs  before  it  will 

K^iviso  under  the  action  of  water  and  mechanical  treatment.      It  is 
,       cght  to  the  snrfacc  and  spread  on  the  doors  (Fig.  lU).      Soon  the 
T**^k  uf  the  sun  and  moisture  produce  a  wonderful  effect.       Boulders, 
*«rtl  as  ordinary  sandstone  when  fresh  from  the  mine,  coitiiiicmce  to 


482 


Mr.  William  Crookea 


f  June  11, 


cmmble.  At  this  stage  the  treatment  of  the  diamonds  asuTmies  more 
the  nature  of  farming  than  mining.  To  assiBt  pnlTerisatioQ  bj  ex- 
posing tho  larger  pieces  to  atmosphoric  inflncnoes,  the  grotiud  is 
frequently  harrowed  and  occasionally  wratered.  The  length  of  time 
necessary  for  crnmbliug  the  ground  preparatory  to  washing,  depends 
on  the  Boasnn  of  the  year  and  the  amonnt  of  rain.  The  louger  tho 
ground  remains  exposed  the  better  it  is  for  washing.  When  the 
pnx^csB  is  complete  the  softened  friable  hluo  clay  is  again  loaded  into 
truelcH  and  taken  tu  the  watching  machinery,  where  it  is  agitated  «ritb 
water  and  forced  through  a  series  of  revolving  cylinders  perforate! 
with  holes  about  an  iuch  in  diameter;  incorrigible  lumps  that  will 
not  pass  the  cylinders  are  uj^ain  subjected  either  to  the  weathering 
process  or  passed  between  crushing  n  filers. 

The  fine  ground  which  has  passed  through  the  holes  in  the 
cylinder,  together  with  a  plentiful  current  of  water,  flows  into  the 
washing  pans  (Fig.  11).  These  pans  are  of  iron,  11  feet  in  diameter, 
furniEhcd  with  ten  arms  each  having  six  or  seven  teeth.  The  teeth 
are  set  to  form  a  spiral,  so  that  when  the  arms  revolve  tho  teeth  carry 
the  heavy  deposit  to  the  outer  rim  of  the  pan,  while  the  lighter 
material  passes  towards  the  oontre  and  is  carried  from  the  pan  by  the 
flow  of  water.  Tho  heavy  deposit  contains  the  diamonds.  It  remaiM 
on  the  bottom  of  the  pan  and  near  its  outer  rim.  This  deposit  ii 
drawn  off  every  twelve  hours  by  means  of  a  broad  slot  in  the  bolt««D 
of  the  pan.  The  average  quantity  of  blue  ground  piutsod  through  fs<Ji 
pan  iis  from  400  to  450  loads  in  ten  hours.  The  dejiosit  left  in  t^ch 
pan  after  putting  through  the  above  number  of  loads  amounts  to 
three  or  four  loads,  which  go  to  the  pulsator  for  further  eonu^nt 
tion. 

The  pulsator  (Fig.  12)  is  an  ingeniously  designed,  somewhat  ( 
plicated  mnchino  for  dealing  with  tho  diiunantiferous  gravel  alreadf^ 
reduced  one  hundred  times  from  the  bine  ground;  the  pulsator  still 
further  concentrating  it  till  the  stones  can  be  picked  out  by  LkmL 
The  value  of  the  diamonds  in  a  load  of  original  blue  ground  is  ubuut 
30«.,  the  gravel  sent  to  the  pulsator  from  the  pans,  reduced  o hund^•d- 
fold,  is  worth  150i.  a  load. 

The  sorting  room  in  tho  pulsator  house  is  long,  narrow  and  wd 
lighted.      Hero  tho  rich  gravol  is  brought  in  wet,  a  sievcful  »t  i 
time,  and  is  dumped  in  a  heap  on  tables  c^ivcred  with  iron  plat< 
The  tables  at  one  end  take  the  coarsest  lumps,  next  comes  the  i;nit 
which  passed  the  ^-inch  holes,  then  the  next  in  order,  and  so 
The  lirst  sorting,  where  the  danger  of  robbery  is  greatest,  is  d« 
by  thoroughly  trustworthy  white  men.      Sweeping  the  heap  of  gr»i 
to  the  right,  the  sorter  scrapes  a  little  of  it  to  the  centre  of  the  t«h 
by  means  of  a  flat  piece  of  sheet  zinc  (Fig.  13).       With  this  tool ' 
rapidly  surveys  the  grains,  seizes  the  diamonds,  aud  puts  them  iK" 
a  little  tin  box  in  front  of  him.    The  stuff  is  then  swept  off  to  tfc 
and  auuthor  lot  taken,  aud  so  on,  till  the  sioveful  of  gravel 
huusted  and  onutlier  brought  in. 


It.— De  B«er5  Washing  <ni  Concentniinit'Miicliineiy 
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The  diamond  has  a  peculiar  lastre,  impoisible  to  mistake.  On 
the  sorting  table  the  etouee  lo<ik  like  clear  pieces  of  gum  arabic, 
bot  with  an  iutrinaio  lustre  which  makes  a  conspicuous  shine  among 
the  other  tttoneo. 

Watching  the  white  men  in  the  sorting  room  is  an  experience  but 
'^uno  compared  to  the  excitement  of  tnkiiig  a  sorter's  place  at  the  big 
fid  table  and  disinterring  from  the   gravel    diamonds  usuallf 
ibed  as  the  tinest  and   biggest  found  fur  many  a  day.      The 
however,  abates  when  the  amateur  sorter  is  told  that  the 
may  not  be  carried  away  as  mementos  { 
S^^imettnies  as  many  as  8000  carats  of  diamonds  are  separated  in 
I  day,  repreenLting  about  10,000t  in  value. 

Diamonds  occur  in  all  shitdes,  from  deep  yellow  to  pure  white 
i  jet  bWk,  from  deep  brown  to   li^'ht   cinnamon;  they  are  also 
D,  bine,  pink,  yellow,  orange  and  opaqae. 

From  the  pulsator  sorting  room  the  stones  arc  taken  to  the 
[X)i«moDd  Office  to  be  cleaned  in  acids  and  sorted  into  classes  by  the 
I'Valoators,  acconling  to  colour  and  purity.  It  is  a  siglit  for  Alnddin 
|%o  Me  the  valuators  at  work  in  the  strong-room  of  the  De  Beers 
tpany  at  Eiml)erley  (Fig.  14).  The  tables  uro  literally  heaped 
IM  won  from  the  rongh  blue  ground — stones  of  all  sizes, 
flashing  and  <>f  iue«tiniable  price;  Btoues  that  will  be 
by  men  and  women  all  the  world  over;  and  last,  but  not  least, 
that  are  probably  dostined  to  largely  inflnenoe  the  development 
Ibistury  of  a  whuU«  huge  continent. 

|i.When  the  diaroautiferous  gravel  has  been  washed  down  to  a  point 

rUob  the  •tones  can   be  picke>l  out  by  hand,  a  good   plan  for 

ting  them  is  by  thoir  speuitic  gravities.      The  following  table 

the  specific  gravities  of  the  minerals  found  on  the  sorting  tables. 

Kve  ala)  included  the  specific  grayitios  of  two  useful  liquids. 

This  table  shows  that  if  I  throw  tlio  whuk  mixture  of  minerals 

I  methylene  icwlide  the  hfirublende  and  all  above  that  mineral  will 

I  to  the  surface;   while  the  diamond  and  all  minerals  below   will 

to  the  iKittoni.     If  I  take  thcw  heavy  minerals,  and  throw  them 

)  thallium  lead  acetate,  t*  cy  will  all  sink  except  the  diamond,  which 

>  mad  can  be  skimmed  off. 


Uafd  graphite 
Qitartsita  aa4  granite 

UMyl        

MiM  

tttmhiUniit  ..  .. 
MaUiylsiM  iodide  .. 
OtanoQd 


Or«Tltr. 

.  2-5 

.  2  6 

.  2-7 

.  2'8 

.  80 

.  3-8 

.  8-5 


Sjmrtfic 
Gr«vi>y. 

ThBllinm  lead  acetate        ..  3-U 

Garnet S? 

Corundum     S'O 

Zircon 44 

Baryte* 4-5 

Chrome  and  titanic  iron  ore  4  '7 

Hagnetitu      5-Q 


In  illiwtration,  I  have  arranged  an  experiment.  In  front  of  the 
itam  ia  a  cell  containing  a  dense  liquid ;  when  I  throw  into  it 
ttnl    minurahd   of  dillurcul   spccifio    gravilios,  some   sink  whilst 
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others  swim,  and  these  swimmers  can  easily  be  skimmed  from  Uie 
surface. 

With  gems  like  diamonds,  where  infinite  riches  are  concentnlod 
in  BO  small  a  bulk,  it  is  not  Bnrprising  that  safeguards  agaiost  rob- 
bery are  elaborate.  The  Dlicit  Diamond  Baying  (LD.B.)  lawg  %n 
stringeDt,  and  the  searching,  rendered  easy  by  the  "  ooniponnding  "  uf 
the  natives,  is  of  a  drastic  character.  In  fact,  it  is  very  diiScult  fori 
natiTe  employe  to  steal  diamonds ;  eren  were  be  to  sncceed,  it  would 
be  almost  impossible  to  dispose  of  them,  as  a  potential  buyer  wgnld 
prefer  to  secure  the  safe  reward  for  detecting  a  theft  rather  than  ran 
the  serious  risk  of  doing  convict  work  on  the  Cape  Town  Breakmklor 
for  a  conple  of  years.  Bt^fore  the  passing  of  the  "  Diamond  Tiwb 
Act "  the  value  of  stolon  diatnoncis  reached  nearly  one  million  sterlii^ 
per  annum. 

One  great  safegnard  against  robbery  is  the  **  componnd  "  spAta 
of  looking  after  the  natives  (Fig.  15).  A  "  compound  "  is  a  Urgi 
square,  about  20  acres  in  extent,  surrounded  by  it>ws  of  oDe-«totj 
bniMings  of  corrugated  iron.  These  are  divided  into  rooms  eub 
holding  about  tts'cuty  natives.  A  high  iron  fence  is  erected  amood 
the  compound,  10  feet  from  the  buildings.  Within  the  enclosare  is  t 
store  where  the  necessaries  of  life  are  supplied  to  the  natives  st  k 
reduced  price,  and  wood  snd  water  free  of  charge.  In  the  niidiilt  i* 
a  large  swimming-bath  with  fresh  water  running  through  it.  Th 
rest  of  the  space  is  devoted  to  games,  dances,  coaoerts,  and  any  otlwr 
amusement  the  native  mind  can  desire.  In  case  of  acci'lent  or  illoM 
there  is  a  well-up{ioiutod  hospital  where  the  sick  are  tended.  Medietl 
supervision,  nurses  and  food  are  supplied  free  by  the  Company. 

As  a  rule  the  better  class  of  natives — the  Zulus,  Malabelait 
fiasutoB,  Bechuanas — when  well  treated,  are  honest  ami  loraL 

In  the  compound  are  to  be  seen  representatives  of  nenrly  all  tha 
picked  types  of  Afriran  tribes  (Fig.  16).  Each  tribe  keeps  to  it 
and  to  go  round  the  buildings  skirting  the  componnd  is  an  ailmiral 
objtct  lesson  in  ethnology.  At  one  point  is  a  group  of  ZnlMi 
next  wo  come  to  Fingoes;  then  Basutos;  beyond  come  M«t»b«ia 
(Fig.  17),  Bechuanas,  Pondos,  Swazis,  and  other  less-known  tnbalj 
each  forming  a  distinct  group,  or  wandering  around  making  fr>'-"'"» 
calls.  We  went  one  afti^rnoon  to  the  Do  Beers  compound  wh< : 
of  the  natives  wore  assembled,  and  having  a  camera  with  me  1  '-^ 
naturally  glad  to  get  lis  many  photographs  as  I  could.  I  hsTc  to 
thank  Captain  Dallas,  Mr.  Moses,  and  Mr.  Mandy,  the  SnjyrintrD''' 
cuts  of  the  resixjctive  corapoundis,  wlio  speak  all  the  dialects  fliientlT» 
for  their  kindness  in  showing  us  round  and  improvising  danc«*°" 
concerts  (Fig.  18),  for  the  benefit  of  ray  oiimcra. 

The  clothing  in  the  compound  is  diverse  and  original  {T\- 
Some  of  the  men  are  great  dandies,  whilst  others  think  that  m  - 
a  climate  a  bright  coloured  pocket-handkerchief  or  "  a  pair  of 
tiicloH  and  a  sruilo  "  is  as  gnrnt  a  compliance  with  the  ru<|uin^'  ' 
civilisation  as  can  be  expected. 


^ 


15.— De  IWers  CfimpMunJ. 


16.— Dt  Bern  CompounJ. 
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I   So  distinctivB  are  tho  characters  in  diamoads  from  each  mine  that 

■  experienced  buyer    at   once  tells  the  locality  of  any  particular 

■reel  of  stones.     De  Beers  and  Kimberley  mines  are  distinguished 

ty  largo  yellowish  crystals.     Dutoitspan  jiolds  many  coloured  stones, 

rhile  Bnlfontoin — half  a    mile   off — protluces    small    white  stones, 

looasionally  upecklod    and    flawed,  but   rarely  coloured.     Diamonds 

rom  the  Woaoelton  mine  are  nearly  all  irregular  in  shape ;  a  perfect 

is    rare,    and    most    of   the   stones    are    white,  few  yellow. 

onds  from  the  Leicester  mine  have  a  frosted,  etched  appearance ; 

ly  are  white,  the  crystallisation  irregular  ("  cross-grained  "),  and 

y  are  very  hard.     The  newly  disooTered  "  Newlands "  mines  in 

iqoaland  West  are  remarkable  for  the  whiteness  of  their  diamonds 

id  for  their  many  perfect  octahedral  crystals.     Jagersfoutein  Btones 

in  tho  Orange  Free  State,  take  the  prize   for  purity  of  colour  and 

|jrilliancy,  and  they  show  that  so-called  "  steely  "  lustre  characteristic 

I  old  Indian  gems.     Stones    from    Jagorsiontein  are  worth  nourly 

Doble  those  from  Kimberley  and  De  Boers. 

Monster  diamonds  are  nut  so  uucommon  as  is  generally  supposed. 
Kam^nds  weighing  over  an  ounce  (151*5  carats)  are  not  infrequent 
t  Kimberley,  and  there  would  be  no  difficulty  in  getting  together  a 
nndred  of  them.  Not  long  ago,  in  one  parcel  of  stones  at  the  office 
rf  Wember,  Beit  and  Co.,  I  saw  eight  perfect  crystals,  each  over  an 
nnoe,  and  one  that  weighed  two  ounces  (Fig.  20).  Tho  largest 
toown  diamond — a  true  mountain  of  light — weighs  'JTO  carats,  over 
Ntlfaponnd.  It  was  found  four  years  ago  at  Jager»fontein.  It  is 
**rfection  in  colour,  but  has  a  small  black  spot  in  tho  centre. 
nuooods  smaller  than  a  small  fraction  of  a  grain  elude  the  sorters 
^  are  lost.  A  microscopic  examination  of  blue  ground  froni  Kim- 
after  treatment  with  appropriate  solvents,  xhows  the  presence 
opio  diamonds,  white,  coloured  and  block,  also  of  boart 
Rarbtnado. 

^'rom  two  to  three  million  carats  of  diamonds  arc  turned  out  of 
berley  mines  in  a  year,  and  as  five  milliou  carats  (itt  to  thu 
tiiit  reproaents  half  a  ton  of  diamonds.     To  the  eud  of  1892,  tim 
ofdiaiiioods  had  come  from  these  mines,  vuUied  at  (iO,000,<lOO^ 
'^'liBg.     This  mass  of  blazing  diamonds  could  be  accommodated  in 
("'X  five  foet  square  and  six  feet  high. 

T)i6  diamond  is  a  luxury  for  which  there  is  only  a  limited  demand. 

fmi  to  4^  millions  sterling  is  as  mucli  as  is  spent  annually  in 

'^'nouds :  if  production  is  not  regulate<l  by  demand,  there  will  be 

^"r-prndnetion,  and  tho  trade  will  suffer.     By  regulating  the  oiit- 

'"■^  lince  the  consolidatiou  in  1888  the  directors  have  8uccee<le<l  in 

■'*'nt«ining  prices. 

Oiitaide  companies  and  individuals  collect  diamonds  to  the  value 
^tWiat  a  million  annually. 

I&Unnediate  between  soft  carbon  and  diamond  come  the  graphites. 
I  mine  graphite  is  given  to  u  variety  of  carbon,  generally  crystal- 
it  which  iu  an  oxidising  mixture  of  chlorate  of  potassium  and 
Vol.  XV.    (No.  91.;  2  k 
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nitric  acid  forms  graphitic  ncid  easy  to  reoognise.  Gntphites  are 
of  varying  densities,  from  2'0  to  3-0,  and  generally  of  crystalline 
aspect.  Graphite  and  diamond  pass  insensibly  into  one  another. 
Hard  graphite  and  soft  diamond  are  near  the  same  specific  grarity. 
The  difference  ap{)ears  to  bo  one  of  pressure  at  the  time  of  formation. 

Some  forms  of  graphite  exhibit  a  remarkable  property,  by  which 
it  is  possible  to  ascertain  approximately  the  temperntore  at  which 
they  were  formed,  or  to  which  they  have  subsequently  been  exposed. 
Graphites  are  divided  into  "  sprouting "  and  **  non-sprouting," 
Whon  obtained  by  simple  elevation  of  temperature  in  the  an:  or  th4.| 
electric  furnace  they  do  not  sprout;  but  when  they  are  formed  bfi 
dissolvin;^  carbon  in  a  metal  at  a  high  t<:-mpor&tare  and  then  allow: 
the  gra[ihite  to  separate  out  on  cooling,  the  sprouting  variety  U 
formed.  One  of  the  host  varieties  is  that  which  can  be  separated 
&om  platinum  in  ebullition  in  a  carbon  crucible.  The  phenoioenoo 
of  sprouting  is  easily  shown.  I  pLico  a  few  grains  in  a  test-tabe  and 
heat  it  to  about  170"  C,  when,  as  you  soc,  it  increases  enormonsly  in 
bulk  and  fills  the  tube  with  a  light  form  of  amorphous  carbon. 

The  resistance  of  a  graphite   to  oxidising  agents  is  greater  tha 
higher  the  temperature    to    which    it  has  previously  been  exposed. 
Graphites  which  are  easily  attacked  by  a  mixture  of  fuming  nitrift 
acid  and  potassium  chlorate  are  rendered  more  resistant  by  stroi 
heat  in  the  electric  furnace. 

I    will    now    briefly    survey   the    chief   chemical   and    physi 
characteristics   of   the    diamond,  showing   yoa    by   the    way  a  fe 
experiments  that  boar  upon  the  subject. 

When  heated  in  air  or  oxygen  to  a  temperature  varying  from 
760°  to  875°  C.  according  to  its  hardness,  the  diamond  burns  with 
production  of  carbonic  acid.  It  leaves  an  extremely  light  ash,  sotne- 
times  retaining  the  shape  of  the  crystal,  consisting  of  iron,  lime, 
magnesia,  silica,  and  titanium.  In  boart  and  carbonado  the  amoont 
of  ash  sometimes  rises  to  4  per  cent,  but  in  clear  crystallised  diamondi 
it  is  seldom  higher  than  0*05  per  cent.  By  far  the  largest  oonstitaeiit 
of  the  ash  is  iron. 

The  following  table  shows  the  temperatures  of  combustion  is 
oxygen  of  ditfercnt  kinds  of  carbon : — 

"a 

OoDdenaed  vapour  of  carbon        650 

Carbon  from  BUg&r,  beated  in  an  electrical  furnace..      ..  660 

Artiflcia]  gnipliitM,  generally 660 

Graphite  from  ordinary  cant  iron        670 

Carbun  ftnin  blue  ground,  of  an  ocbrey  colour 6;'0 

„  „  very  hiird  and  black       ..      ..  710 

Diamond,  Boft  Braziliiin        760 

rt        hard  Kimberlcy 780 

Bonri  frnm  Urazi) 790 

„      from  Kimborl<iy 790 

M      very  hard,  impoarible  tu  cut      900 


ed. 


At  the  risk  of  repeating  an  experiment  sLowd  so  well  at  tbit 


»!.— CrysUl  of  Diamond,  showing  Triangular  MArkings. 


».— TrUncular  Marklni(>  un  a  Cryiul  of  Oiamonil  I  .x  igo  t. 
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le  by  Professor  Dewar,  I  will  heat  a  diamond  to  a  high  tempora- 
k  in  the  oxjhydrogen  blowpipe  and  then  suddenly  throw  it  in 
laael  of  liquid  oxygen.  Notice  the  brilliant  light  of  its  combus- 
u  I  want  you  moro  especially  to  observe  the  wbito  opaque 
osit  forming  in  the  liquid  oxygen.  This  deposit  is  solid  carbonic 
1  produced  by  the  combustion  of  the  carlwn.  I  will  lead  it 
>ugh  baryta  water,  and  you  will  see  a  white  precipitate  of  barium 
bouate.  With  a  little  more  care  than  is  possible  in  a  lecture  I 
Id  perform  this  experiment  quantitatively,  loading  the  carbonio 
I  aud  oxygen,  as  they  assume  the  gaseous  state,  through  baryta 
pr,  weighing  the  carbonate  so  formed,  and  showing  that  one 
bOke  of  diamond  would  yield  3*666  grammes  of  carbonic  acid — 
ihAoretical  proportion  for  pure  carbon. 

Some  crystals  of  diamonds  have  their  surfaces  beautifully  marked 
h  equilateral  triangles,  interlaced  and  of  varying  sizes  (Fig.  21). 
der  the  microscope  these  markings  appear  as  shallow  depressions 
rply  cut  out  of  the  surroundiuij  surface  (Fig.  22),  and  these 
reesions  were  supposed  by  Gustav  Boeo  to  indicate  the  probability 
I  the  diamonds  at  some  previous  time  had  been  exposed  to 
ipieut  combustion.  Rose  also  noted  that  striations  appeared  on 
Irarfaoes  of  diamonds  burnt  before  the  blowpipe.  This  experi- 
It  I  have  repeated  on  a  clear  smooth  diamond,  and  have  satisiiod 
■•If  that  during  combustion  in  the  field  of  a  microscope,  before 
(  blowpipe,  the  sjirface  becomes  etched  with  markinga  very 
pnat  ia  character  from  those  naturally  inscribeil  on  crystals. 
P  artifioial  stris  aro  cubical  and  closer  massed,  looking  as  if 
(diamond  during  combustion  had  been  dissected  into  rectangular 
bt  (Fig.  23),  while  the  markiugs  natural  to  crystals  appear  as  if 
iduced  by  the  crystallising  force  as  they  were  being  built  up. 
I  exhibit  on  a  diagram  a  form  of  graphite  from  the  Kimberley 
R  ground  (reproduced  &om  M.  Moissan's  work)  which  in  its 
UaUine  appearance  strangely  resembles  the  surface  of  a  diamond 
JMe  internal  structure  has  been  partially  dissected  aud  barred  by 
hbnstion.  It  looks  as  if  this  piece  of  gruphitu  was  ready  to 
fknie  out  of  its  solvent  as  diamond,  but  owing  to  some  insufficient 
plor  it  retained  its  gra]>hitic  form. 

ITbe  specific  gravity  of  the  diamond  is  from  8*514  to  3*518. 
^oompariBOD,  I  give  in  tabular  form  the  specific  gravities  of  the 
fBint  vmrietios  of  carbon : — 

^^M  AmarphoQi  carbon       I'iS    to  1-70 

^H  Krapbitt!         211    „  AO 

^H  Ilnrd  !^  coke       2a.56 

^M  Ikmrt       a-47     ,  349 

^H  C«r)ioniulo     3-&0 

^V  Duuiiund        3-514  „  y-518 

The  diamond  belongs  to  the  isometric  system  of  crystallography. 
ifrfM]aently  occurs  with  curved  faces  and  edges  (Fig.  24).  Twin 
^_  2  K  2 
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crystals  (maclea)  are  not  tmcommoo.  Haring  no  donblo  re&Actioa 
it  should  not  act  on  polarised  light.  Bnt,  as  is  well  known,  if  i 
tranaparent  body  which  does  not  so  act  is  submitted  to  strain  of  u 
irregular  character  it  becomes  donblj  refracting,  and  in  the  polari- 
scope  reveals  the  existence  of  the  strain  by  brilliant  colours  arranged! 
in  a  more  or  less  defined  pattern  according  to  the  state  of  tension 
in  which  the  crystal  exists.  Under  polarifted  light  I  have  examined 
many  hundred  diamond  crystals,  and  with  fe^  exceptions  all  show 
the  presence  of  internal  tension.  On  rotating  the  polarisor,  the 
black  cross,  which  is  most  frequently  seen,  revolves  ronud  a  pu^ 
ticular  point  in  the  inside  of  the  crystal,  and  on  examining  this 
point  with  a  high  power,  we  see  sometimes  a  slight  flaw,  more  rarely 
a  minute  cavity.  The  cavity  is  filled  with  gas  at  an  eDomoua 
pressure,  and  the  strain  is  set  ap  in  the  stone  by  the  effort  of  the  giu 
to  escape. 

It  is  not  uncommon  for  a  diamond  to  explode  soon  after  it 
reaches  the  surface,  and  some  have  been  known  to  burst  in  the 
pockets  of  the  miners  or  when  held  in  the  warm  hand.  Large 
crystals  are  more  liable  to  burst  than  smaller  pieces.  Yaluabie 
stones  have  been  destroyed  in  this  way,  and  it  is  whispered  thitt 
cunning  dealers  are  not  averse  to  allowing  reaponsible  cliente  to 
handle  or  carry  in  their  warm  pockets  large  crystals  fresh  &uOi 
the  mine.  By  way  of  safeguard  against  explosion,  some  ietlat 
imbed  large  diamonds  in  raw  potato  to  iusare  safe  tiuunt  to 
England. 

I  will  project  some  diamonds  on  the  screen  by  means  of  the 
polarising  microscope,  and  you  will  see  by  the  colours  how  gTMt 
is  the  strain  to  which  some  of  them  are  exposed. 

In  the  Bubetance  of  many  diamonds  we  find  enclosed  black 
nncrystallised  particles  of  graphite.  There  also  occur  what  may 
be  oonsidorod  intermediate  forms  between  the  well-crystalltM'd 
diamond  ami  graphite.  These  are  "boart"  and  "  carbon»do." 
Boart  is  an  imperfectly  crystallised  diamond,  having  no  clear  por- 
tions, and  therefore  useless  for  gems.  Boart  is  frequently  ivmA 
in  spherical  globules,  and  may  be  of  all  colonrs.  It  is  so  hanl  that 
it  is  used  in  rock-drilling,  and  when  crushed  it  is  employed  fur 
cutting  and  polishing  other  stones.  Carbonado  is  the  Brazilian 
term  for  a  still  less  perfectly  crystallised  form  of  carbon.  It  ia 
equally  hard,  and  occurs  in  porous  masses,  and  in  massive  black 
pebblcB,  sometimes  weighing  a  couple  or  more  ounces. 

Diamonds  vary  cunctiderably  in  hardness,  and  even  different  part* 
of  the   same  crystal  are  decidedly  different   in    their   rcfflstanos  to 
cutting  and    grinding.     The  famous  Koh-i-noor,  when  cut  into  it* 
pre»!ent   form,  showed  a  notable  variation  in  hardness.     In   cattioci 
one  of  the  facets  near  a  yellow  flaw,  the  crystal  became  harder  ana] 
harder  the  further  it  was  cut  into,  until,  after  working  the  mill  f(*| 
six  hours  at  the   nsual  speed  of  2400  revolutions  a  minute,  hitlAJ 
impression  was  made.     The  speed  was  accordingly  increased  to  idoi*| 
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SOOO,  when  the  work  slowly  proceeded.     Other   portions  of 

stone  were  found  to  be  comparativolj  soft,  and  became  harder  as 

ontside  was  cnt  away. 

Beantifully  white  diamonds  have  been  found  at  Inverol,  New 
Doth  Wales,  and  from  the  rich  yield  of  the  mine  and  the  white 
oloor  of  the  stones,  great  things  were  expected.  A  parcel  of 
tony  hundred  carats  came  to  England,  when  it  was  found  they 
rere  so  hard  as  to  be  practically  unworkable  as  gems,  and  I 
•lieTe  they  were  ultimately  sold  for  rock-boring  purposes. 

I  will  illustrate  the  intcnfio  hardness  of  the  diamond  by  an 
[perimont.  I  place  a  diamond  on  the  flattened  apex  of  a  conical 
ook  of  steel,  and  on  the  diamond  I  bring  down  a  second  cone  of 
teel.  With  the  electric  lantern  I  will  project  an  image  of  the 
iamond  and  steel  faces  on  the  screen,  and  force  thorn  together  by 
Ijdraolic  power.  Ton  see  I  can  squeeze  the  stone  right  into  the 
keel  blocks  without  itijuriug  it  in  the  slightest  degree. 

But  it  is  not  the  hardness  of  the  diamond  so  much  jls  its  optical 
Dalities  that  make  it  so  highly  prized.  It  is  one  of  the  most 
l£racting  substances  in  nature,  and  it  also  has  the  highest  reflecting 
roperties.  In  the  cutting  of  diamonds  iulvautage  is  taken  of  these 
■alities.  When  cut  as  a  brilliant  the  facets  on  the  lower  side  are 
KsliDed  BO  that  light  falls  on  them  at  an  angle  of  24°  13',  at  which 
Igle  all  the  incident  light  is  totally  reflected.  A  well  cut  diamond 
loald  appear  opaque  by  transmitted  light  except  at  a  sniall  spot 
I  the  middle  where  the  table  and  cnlot  are  opposite.  All  the  light 
tiling  on  the  front  of  the  stone  is  reflect^  from  the  facets,  and 
le  light  passing  into  the  diamond  is  reflected  from  the  interior 
lifues  and  refracted  into  colours  when  it  passos  out  into  the  air, 
viag  riae  to  the  lightnings  and  coniscations  for  which  the  diamond 
I  supreme  above  all  other  gems. 

I  bold  some  of  Mr.  Streetcr's  magnificent  diamonds  in  the  elec- 
ie  light,  and  by  transmitted  light  you  will  see  they  are  black,  while 
f  reflected  light  they  fill  the  room  with  radiance  and  colour. 

The  following  table  gives  the  refractive  indices  of  diamonds  and 
her  bodies : — 


BmuuTrrvK  Insicis  vob  th>  D  Luts- 


CbroBiate  of  lead 
MunoDd  ..  .. 
ipboTua 

e::'  ::  :: 

TKalliuni  gUua 
loBimnd  ipar     .. 
Topaa        ..     .. 


2-50-2-97 

2 -47-2 -75 


1-78 


75 
05 


ICl 


Beryl       1-80 

Emi-raJd 1-59 

Flint  f;lu8S      r.'iS 

Quartz     1-55 

Canada  balsam       ..      ..  1°33 

Crown  glass 1'53 

Fluor-eJMir      114 

luo I-Sl 


According  to  Dr.  Gladstone,  the  specific  refractive  energy — 

^-1 
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^ 


will  be  for  the  D  line  0*404,  and  the  refraction  equivalentj— 

^      d     ' 

will  be  4-82. 

After  expoenre  for  some  time  to  the  stm  nuuiT  diamonds  glow 
in  a  dark  room.  Some  diamonds  are  flnorescent,  appearing  nulky 
in  BQulight.  In  a  Tacnom,  exposed  to  a  high-tension  current  uf 
electricity,  diamonde  phosphoresce  of  different  colours,  most  Sooth 
African  diamondB  Bhiuing  with  a  blaish  light.  Diamonds  from  other 
localities  emit  bright  blue,  apricot,  palo  bine,  red,  yellowish-greea, 
orange,  and  pale  green  light.  The  most  phosphorescent  diamondi 
are  those  which  are  flnorescent  in  the  sun.  One  beantifol  gnen 
diamond  in  my  collection,  when  phosphorescing  in  a  good  TicQaiQ, 
gives  almost  as  much  light  as  a  candle,  and  yon  can  easily  read  by  iti 
rays.     The  light  is  pale  green,  tending  to  white. 

I  will  now  draw  yonr  attention  to  a  strange  property  of  the 
diamond,  wliich  at  first  sight  might  seem  to  argne  against  the  great 
permanence  and  nnalterability  of  this  stone.  It  has  been  ascertained 
that  the  canse  of  phospboroscenoe  is  in  some  way  connected  with  the 
hammering  of  the  gaseous  molecules,  violently  driven  from  the 
negative  pole,  on  to  the  surface  of  the  body  under  examination,  and  so 
great  is  the  energy  of  the  bombardment,  that  Impinging  on  a  piece  of 
platinum  or  even  iridium,  the  metal  will  actually  melt.  When  the 
diamond  is  thus  bombarded  in  a  radiant  matter  tube  the  resnlt  iiH 
startling.  It  not  only  phosphoresces  but  assumes  a  brown  coluoql 
and  when  the  action  is  long  continued  becomes  almost  black. 

I  will  project  a  diamond  on  the  screen  and  bombard  it  with 
radiant  matter  before  your  eyes.  I  do  not  like  to  anticipate  ■ 
failure,  but  hero  I  am  entirely  at  the  mercy  of  my  diamond.  I 
cannot  rehearse  this  experiment  beforehand,  and  it  may  happen  that 
the  diamond  I  have  selected  will  not  blacken  in  reasonable  time.. 
Some  visibly  darken  in  a  few  minutes,  while  others,  more  leisnrely  i| 
their  ways,  require  an  hour. 

This  blackening  is  only  superficial,  but  no  ordinary  meaos 
cleaning  will  remove  the  discoloration.  Ordinary  oxidising  »*^ 
agents  bave  little  or  no  effect  in  restoring  the  colour.  The  black 
stain  on  the  diamond  is  due  to  a  form  of  graphite  which  is  very 
resistant  to  oxidation.  It  is  not  necessary  to  expose  the  diamond  in 
a  vaonnm  to  electrical  excitement  in  order  to  prodnce  this  change. 

I  have  already  signified  that  there  are  various  degrees  of  refru- 
toriness  to  chemical  reagents  among  the  different  forms  of  graphite. 
Somo  dissolve  in  strong  nitric  acid  ;  other  forms  of  graphite  re- 
quire a  mixture  of  highly  concentrated  nitric  acid  and  pot>s»itin> 
chlorate  to  attack  them,  and  even  with  this  intensely  powerfnl 
agent  some  graphites  resist  longer  than  others.  M.  Moissan  hti 
fihown  that  the  power  of  resistance  to  nitric  acid  and  potassiom 
chlorate  is  in  proportion  to  the  temperature  at  which  the  graphite 
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formed,  and  with  tolerable  certainty  we  can  estimate  this 
eratnre  by  the  resistance  of  the  specimen  of  graphite  to  this 
BnL 

The  fnperficial  dark  coating  on  a  diamond  after  exposure  to  mole- 
bombardment  I  have  proved  to  be  graphite,*  aud  M.  Moissan  f 
baa  shown  that  this  gmpbite,  nn  account  <>f  its  great  resistance  to 
oxidising  reagents,  cannot  have  been  formed  at  a  lower  temperature 
than  3600°  C. 

It  is  therefore  manifest  that  the  bombarding  molecules,  carrying 
with  them  an  electric  charge,  aud  striking  the  diamond  witheiionnous 
Telocity,  raise  the  superficial  layer  to  the  temperature  uf  the  electric 
arc,  aud  turn  it  into  graphite,  whilst  the  mass  of  diamond  and  its 
oooductiTity  to  heat  are  satfioient  to  keep  down  the  general  tempera- 
tBTB  to  such  a  point  that  the  tube  appears  scarcely  mure  than  warm 
lo  the  touch. 

A  similar  action  oocnrs  with  silver,  the  superficial  layers  of 
J  which  can  be  raised  to  a  red  heat  without  the  whole  mass  becoming 
(inore  than  warm4 

This  conversion  of  diamond  into  graphite  is,  I  believe,  a  pure 
I  effect  of  heat.  In  1880  §  Professor  Dewar  in  this  theatre  placed  a 
cry>tal  of  diamond  in  a  carbon  tube  through  which  a  current  of 
hydrogen  was  maintained.  The  tube  was  heated  from  the  outside  by 
an  electric  arc,  and  in  a  few  minutes  the  diamond  was  converted  into 
graphite.  1  will  now  show  you  that  a  clear  crystal  of  diamond,  heated 
in  the  electric  arc  (temperature  3600^  C),  is  converted  iuto  graphite, 
and  Utia  graphite  is  most  refractory. 

The  diamond  is  remarkable  in  another  respect.      It  is  extremely 

Innnparcnt  to  the  Rontgen   rays,  whereas  highly   refracting  glass, 

•wd  in  imitation  diamonds,  is  almost  perfectly  opaque  to  the  raya 

(F»g.  25).     I  exposed  over  n  photographic  plate  to  the  X  rays  for  a 

ien  gecunda  the  large  Delhi  diamoud,  of  a  fine  pink  colour,  weighing 

81^  carata,  a  black  diamond  weighing  23  carats,  together  with  au 

taatlation  in  glass  of  the  pink  diamond  lent  me  by  Mr.  Streetor ;  also 

I  a  flat  triangnlar  crystal  of  diamond  of  pure  water,  and  a  piece  of  glass 

|«f  lite  same  shape  and  size.     On  development,  the  impression  where 

llll*  diamond  obscured  the  rays  was  found  to  be  strong,  showing  that 

|°BMat  rays  passed  through,  while  the  glass  was  practically  opaque. 

By  this  means  imitation  diamonds  aud  some  other  false  gcuis  can 

rmdily  bo  detected  and  distinguished  from  the  true  goms.     It  would 

tsko  a  good  observer  to  distinguish  my  pure  triangular  diamoud  from 

th«  luljitceut  glass  imitation. 

Hpocnlations  as  to  the  probable  origin  of  the  diamond  havo  been 
greatly  forwarded  by  patient  research,  aud  particularly  by  improved 
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meana  of  obtaining  high  temperatures.  Thanks  to  the  sncoeee  of 
Profeaeor  Moiasan,  whose  name  vrill  always  be  associated  with  the 
artificial  prodnction  of  diamonds,  we  are  able  to-day  to  mannfoctnre 
diamonds  In  our  laboratories — minutely  microscopic,  it  is  trne— all 
the  same  veritable  diamonds,  with  crystalline  form  and  apjiearance, 
coloar,  hardness,  and  action  on  light  the  same  as  tho  nntunil  gem. 

Until  recent  years  carbon  was  considered  absolutely  non-volfttile 
and  infusible  ;  but  the  enormoas  temperatures  at  tho  disposal  of  ex- 
perimentalists— by  the  introduction  of  electricity — show  that,  instead 
of  breaking  rules,  oarbon  obeys  the  same  laws  that  govern  other  bodiML 
It  volatilises  at  the  ordinary  pressure  at  a  tem{>orature  of  about  3600°Cs( 
and  passes  from  the  solid  to  the  gaseous  state  without  liqaefjin^ 
It  has  been  found  that  other  bodies  which  volatilise  without  liquefying 
at  the  ordinary  pressure  will  easily  liquefy  if  pressure  is  added  ta| 
temperature.  Thus,  arsenic  liquefies  under  the  action  of  heat  if  tlid 
pressure  is  increased;  it  naturally  follows  that  if  [along  with  thA 
requisite  temperature  sufficient  pressure  is  applied,  liquefaction  <ifi 
carbon  will  be  likely  to  take  place,  whoa  on  cooling  it  will  crvBtaliiseD* 
Bnt  carbon  at  high  temperatures  is  a  most  energetic  chemical  sgont) 
and  if  it  can  get  IjoW  of  oxygen  from  the  atmosphere  or  any  oompound 
containing  it,  it  will  oxidise  and  fly  oiF  in  the  form  of  carbonic  tcid. 
Hent  and  pressure  therefore  are  of  no  avail  unless  the  carbon  can  be 
kept  inert. 

It  has  long  been  known  that  iron  when  melted  dissolves  carbon, 
and  on  cooling  liberates  it  in  the  form  of  graphite.  Moissan  dis- 
covered that  several  other  metals  have  similar  properties,  especially 
silver;  but  iron  is  the  best  solvent  for  carbon.  The  quantity  of 
carbon  entering  into  solution  increases  with  the  temperature,  aod  on 
cooling  in  ordinary  circumstances  it  is  largely  deposited  as  crystalliuo 
graphite. 

Professor  Do  war  has  mode  a  calculation  as  to  tho  Critical  Fnesan 
of  carbon — that  is,  the  lowest  pressure  at  which  carbon  can  be  got  to 
assume  the  liquid  state  at  its  critical  temperature,  that  is  the  highest 
temperature  at  which  liquefaction  is  possible.  Ue  starts  from  ths 
vaporising  or  boiling  point  of  carbon,  which,  from  the  oxporimetitii  of 
Viollo  and  others  on  the  electric  arc,  is  about  3600"  C,  or  3874" 
Absohito.  The  critical  point  of  a  substance  on  the  average  is  1'5 
times  its  abHolnte  boiling  point.  Therefore  the  critical  point  of 
carbon  is  581F  Ab.,  or,  say,  5800"  Ab.  But  the  absolnte  critical 
tem])erature  divided  by  the  critical  pressure  is  for  elements  ntTtf 
loss  than  2-5.     Then — 


5800' A. 
PUr 


=  2-5,  orPCr  = 


5800°  A, 
2-5 


,  or  2320  atmospheres. 


The  result  is  that  tho  critical  pressure  of  carbon  is  about  3300 
atmospherep,  or  say  15  tons  on  the  square  inch.  The  highest  critioil 
pressure  recorded  is  that  of  water,  amounting  to  105  atmos] ' 
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tnd  the  lowest  that  of  hydrogen,  about  20  atmoepheres.  In  other 
words,  the  critical  pressure  of  water  is  ten  times  Uiat  of  hydrogen, 
and  the  critical  pressare  of  carbon  is  ten  times  that  of  water. 

Now  15  tons  on  the  square  inch  is  not  a  difficult  proesare  to 
obtain  in  a  closed  vessel.  In  their  researches  on  the  gases  from 
fired  gunpowder  and  cordite,  Sir  Frederick  Abel  and  Sir  Andrew 
Nobltf  obtained  in  closed  steel  cylinders  pressures  as  great  as  95  tons 
to  the  square  inch,  and  temperatures  as  high  as  4000"  C.  Here,  then, 
if  the  observations  are  correct,  we  have  sufficient  temperature  and 
enough  pressure  to  liquefy  carbuu ;  aud  if  the  tomperature  could  only 
lie  allowed  to  act  for  a  sufficient  time  on  the  carbon  there  is  little 
doubt  that  the  artificial  formation  of  diamonds  would  soon  pass  from 
Jhe  microscopic  stage  to  a  m^ale  more  likely  to  satisfy  the  require- 
■Nnts  uf  science,  industry  and  personal  decoration. 
~  I  now  proceed  to  manufacture  a  diamond  before  your  eyes — don't 
think  I  ybt  have  a  talisman  that  will  make  me  rich  beyond  the 
dreams  of  avarice  I  Hitherto  the  results  have  been  very  microscopic 
■ad  are  chiefly  of  scientific  interest  in  showing  us  Nature's  workshop, 
and  how  wo  may  ultimately  hope  to  vie  with  her  in  the  manufacturo 
of  diamonds.  Unfortunately  the  operations  of  Boparatiug  the  diamond 
the  iron  and  other  bodies  with  which  it  is  associated  are  some- 
prolontied — nearly  a  fortnight  being  required  to  detach  it  from 
iron,  graphitt)  and  other  matters  in  which  it  is  embedded.  I  can, 
twever,  show  the  different  stages  of  the  operations,  and  project  on 
screen  diamonds  mode  in  this  manner. 

Paris  recently  I  saw  the  operation  carried  out  by  M.  Muissan, 
3verer  of  this,  metliod  of  making  carbon  separate  out  in  the 
rent  crystalline  form,  and  I  can  show  you  the  operations 
as  it  were  from  the  inventor's  laboratory.  I  am  also 
to  the  Directors  of  the  Nutting  11  ill  Ekctriv  Lighting 
Co.,  and  to  the  general  manager,  Mr.  Scbultz,  for  enabling  me  to 
Brfonu  several  operations  at  their  central  station,  where  currents  of 
aupftrea  aod  100  volts  were  placed  at  my  disposal. 
Tho  flret  necessity  is  to  select  pure  iron — freo  from  sulphur, 
iooD,  phosphonu,  &o. — and  to  pock  it  in  a  carbon  crucible  with 
charcoal  from  sugar.  Half  a  pound  of  this  iron  is  then  put 
into  the  U^ly  of  the  electric  furnace  aud  a  powerful  arc  furmed  close 
)Vo  it  between  carbon  poles,  utilising  a  current  of  700  amperes 
40  volts  pressure.  Tho  iron  rapidly  molts  nod  saturates  itself 
carbon.  After  a  few  minutes'  heating  to  a  temperature  above 
C. — a  temperature  at  wliich  the  lime  of  the  furnace  melts  like 
volatilises  in  clouds — the  current  is  stopped,  and  the 
ig  fieiT  crucible  is  pluuged  beneath  the  surface  of  cold  water, 
it  is  held  till  it  sinks  below  a  red  heat.  As  is  well  known, 
increases  in  volume  at  the  moment  of  passing  from  tho  liquid 
I  solid  state.  The  sudden  cooling  solidifies  tho  out^r  layer  of 
lid  holds  the  inner  molten  mass  in  a  tight  grip.  The  expaasioa 
iho  iuuex  liquid  on  solidifying  produces  an  euormuuB  pressure, 


494 


Mr.  Willinm  Crookes 


[Jnne  11, 


and  nnder  the  stress  of  this  pressure  the  dissolved  carbon  seputtei 
oat  in  a  transparent,  dense,  crystalline  form — in  fact,  as  diamond. 

Now  commences  tbe  tedious  part  of  the  process.  The  metsllio 
ingot  is  attacked  with  hot  nitro-hydrochloric  acid  nntil  no  more  iron 
is  dissolyed.  The  balky  residue  consists  chiefly  of  graphite,  together 
with  translacont  flakes  of  a  chestnut-coloared  carbon,  black  opaqM 
carbon  of  a  density  of  from  3*0  to  3' 5,  and  hard  as  diamonds — bUck 
diamonds  or  carbonado,  in  fact — and  a  small  portion  of  transparent 
ooloorless  diamonds  showing  crystalline  stractare.  Besides  tbose, 
there  may  be  carbide  of  silicon  and  cornndam,  arising  from  impnritiflt 
in  the  materials  employed. 

The  residue  is  first  heated  for  some  hoars  with  strong  sulphoric 
acid  at  tbe  boiling  point,  with  the  cautions  addition  of  powdered  nitre. 
It  is  then  well  waished  and  allowed  for  two  days  to  soak  in  strong 
hydrofluoric  acid  in  the  cold,  then  in  boiling  acid.  After  this  treat- 
ment the  soft  graphite  will  disappear,  and  most,  if  not  all,  of  th« 
silicon  componuds  will  be  destroyed.  Ilot  sulphuric  acid  is  agiia 
applied  to  destroy  the  fluorides,  and  the  residue,  well  washeil,  Ml) 
repeatedly  attacked  with  a  mixtnre  of  the  strongest  nitric  acid  vA 
powderetl  potassium  chlorate,  kept  warm,  bat  to  avoid  explosiont*  not 
above  60°  0.  This  ceremony  must  be  repeated  six  or  eight  times, 
when  all  the  bard  graphite  will  gradually  be  dissolved,  and  Httl« 
else  left  but  graphitic  oxide,  diamond  and  the  harder  carbonado  and 
b<iRrt.  The  residue  is  fused  for  an  hour  in  flnorhydrate  of  fluorida 
of  potassium,  then  boiled  out  in  water,  and  again  heated  in  snlphnne 
acid.  ll]o  well-washed  grains  which  resist  this  energetic  treatment 
are  dried,  carefully  deposited  on  a  slide,  and  examined  under  th« 
microscope.  Along  with  numerous  pieces  of  black  diamond  aru  *em 
transparent  colourless  pieces,  some  amorphous,  others  with  a  cryBtal- 
line  appesu-ance,  as  I  have  attempted  to  reproduce  in  drawingSi 
Although  many  fragments  of  crystals  occur,  it  is  remarkable  thai  I 
have  never  soon  a  complete  crystal.  All  appear  broken  np,  as  if  on 
being  liberated  from  the  intense  pressure  under  which  they  were 
formed  they  burst  asunder,  I  have  direct  evidence  of  this  phe- 
nomenon. A  very  fine  piece  of  artificial  diamond,  carefully  monntfd 
by  me  on  a  microscopic  slide,  exploded  during  the  night  and  coTered 
my  s\kh'  with  fragments.  This  bursting  paroxysm  is  not  ankao<ni 
at  the  Kimberley  mines. 

On  the  screen  I  will  project  fragments  of  artificial  diamond 
(Figs.  26,  27),  some  lent  me  by  Professor  Roberts-Austen,  othea 
of  my  own  make  ;  while  on  the  wall  you  will  see  drawings  of  dis' 
monda  copiud  from  51.  Moissan's  book  on  the  Electric  Furnace,  t'o- 
fortunately  these  specimens  are  all  miLTosoopic.  The  largest  tit'' 
ficial  diamond,  so  far,  is  less  than  one  millimetre  across. 

Labaratory  diamonds  barn  in  the  air  before  the  blowpip*  ^ 
carbonic  acid ;  and  in  lustre,  crystrillino  form,  optica]  propeitieii 
density  and  hardness  they  are  identical  with  the  natural  stone. 

Many  circumstances  point  to  the  conclusion  that  the  diamond 
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hemist  and  the  duunond  of  the  mine  are  strfttigely  akin  as 
I.  It  is  conclusively  proved  that  tho  diamond  has  not  l>een 
n  tilu  in  the  bine  groand.  The  diamond  genesis  must  have 
ace  at  great  depths  ander  enormous  pressure.  The  explosioa 
diamonds  on  coming  to  the  surface  shows  extreme  tension, 
tnumds  are  found  in  fragments  and  splinters  than  in  perfect 
;  and  it  is  noteworthy  that  although  many  of  these  splinters 
pnenta  are  derived  from  the  breuking  up  of  a  largo  crystal, 
lo  instance  have  pieces  been  found  which  ooold  be  fitted 
.  Does  not  this  fact  point  to  the  conolusion  that  the  blue 
it  not  their  true  matrix  ?  Nature  does  not  make  fragmenta 
•la.  As  the  edges  of  the  crystals  are  still  sharp  and 
ed,  the  loau  of  formation  cannot  have  been  very  distant 
e  present  sites.  There  were  probably  many  sites  of  crystal- 
differing  in  place  and  time,  or  we  should  not  seo  such 
iTe  characters  in  the  gems  from  diifereat  mines,  nor  indeed 
iunoads  from  difi'erent  jmrts  of  the  same  mine. 
'  the  great  diamond  pipes  originally  came  into  existence  is 
salt  to  understaml,  in  the  Hglit  of  tho  foregoing  facts.  They 
f  were  not  burst  through  in  the  ordinary  manner  of  volcanic 
k ;  the  surrounding  and  enclosing  walls  show  no  signs  of 
action,  and  are  not  shattered  nor  broken  even  when 
{  the  "  bine  ground."  These  pipes  after  they  were  pierced 
led  from  below,  and  the  diamonds  fonued  at  some  previous 

00  remote  to  imagine  were  erupted  with  a  mud  volcano, 
•  with  all  kinds  of  debris  eroded  from  the  adjacent  rocks, 
action  of  flow  is  seen  in  the  upturned  edges  of  some  of  the 
r  ahale  in  the  walls,  although  I  wns  unable  at  great  depths 
my  upturning  in  most  parts  of  the  walls  of  tho  De  Beers 

mt  again  refer  you  to  the  picture  of  the  section  through  tho 
ley  mine.  There  are  many  such  pipes  in  the  immediate 
orhood.     It  may  be  that  each  volcanic  pipe  is  the  vent  for 

1  special  laboratory — a  laboratory  buried  at  vastly  greater 
than  we  have  reached  or  are  likely  to  reach — where  tho 
tare  is  comparable  with  that  of  tho  electric  furnace,  where 
isare  is  fiercer  than  in  our  puny  laboratories  and  the  melting- 
igbor,  where  no  oxygen  is  present,  aud  where  mosses  of 
Kturatcd  iron  have  taken  coiitnrics,  perhaps  thousands  of 
)  otwl  to  tho  solidifying  point.  Such  being  the  conditions 
der  is,  not  that  diamonds  are  found  as  big  as  one's  fist,  but 
y  are  not  found  as  big  as  one's  head.  The  ohemiHt  arduously 
>tiUM  infinitesimal  diamonds,  valueless  as  ornamental  gems  ; 
tuo,  with  nnliuiitcd  temperature,  inconoeivablo  pressure  aud 
1^  material,  to  say  notliing  of  measoroloss  time,  produces 
Blint  the  dazzling,  radiant,  beautiful  crystals  I  am  enablu<l 
^bn  to-night. 

forric  origin  of  tho  diamond  is  corroborated  in  many  ways. 
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The  country  round  Eiml)erlej  is  remarkable  for  its  ferroginotu 
character,  and  iron-saturated  soil  is  popularly  regarded  as  one  of 
the  iudications  of  the  near  presence  of  diamonds.  Certain  artificial 
diamonds  present  the  appearance  of  an  elongated  drop.  From 
Kimberley  I  have  with  me  diamonds  which  have  exactly  Ctie  appear' 
ance  of  ilrops  of  liqnid  separated  in  a  pasty  condition  and  crystalliiied 
on  cooling  (Fig.  28).  At  Kimberley  and  in  other  parts  of  tho 
world,  diamonds  have  been  found  with  little  appearance  of  crystti- 
lisatiun,  but  with  rounded  fortas  similar  to  those  which  a  hqaid 
might  assume  if  kept  in  the  midst  of  another  liquid  with  whicb  it 
would  not  mil.  Other  dro[>8  of  liquid  carbon  retaine<l  above  their 
melting-point  for  sufBcient  time  would  coalesce  with  adjacent  drops, 
and  on  slow  cooling  would  separate  in  tbe  form  of  large  perfect 
crystals.  Two  drops,  joining  after  incipient  crystallisation,  would 
assume  the  not  uncommon  form  of  iuter|)enotratiug  twin  cryritala 
Illustrations  of  these  forms  from  Kimberley  are  here  to-night 
Other  modified  circumstances  would  produce  diamonds  presenting 
a  confused  mass  of  boarty  crystals,  rounded  and  amorphous  macsec, 
or  a  hard  black  form  of  carbonado. 

Again,  diamond  crystals  oro  almost  invariably  perfect  on  all  sidea 
They  show  no  irregular  side  or  face  by  which  they  wore  attached 
to  a  support,  as  do  artificial  crystals  of  chemical  salts;  another 
proof  that  the  diamond  must  have  crystallised  from  a  dense  liquid. 

When  raised  the  diamond  is  in  a  state  of  enormons  stnin,  ii 
I  have  already  shown  by  means  of  polarised  light.  Some  diauioodi 
exhibit  cavities  which  the  same  test  proves  to  contain  gas  il 
considerable  pressure. 

The  ash  left  after  burning  a  diamond  invariably  contains  ironil, 
its  chief  constituent ;  aud  the  most  common  colours  of  diamouda,  wb 
not  perfectly  pellucid,  show  various  nhades  of  brown  and  yellow,! 
the  palest  "  off  colour  "  to  almost  black.      These  variations 
with  the  theory  that  the  diiunond  has  separated  from  molten  ir 
and  also  explain  how  it  happens  that  stones  from  different  mio 
and  even  from  different  parts  of  the   same  mine,  differ  from 
other.       Along   with   carbon,   molten    iron    dissolves    other 
which  possess  tinctorial  powers.     One  batch  of  iron  may  contain  I 
impurity  colouring  the  ^tones  blue,  another  lot  would  tend  to« 
tbe  formation  of  pink  stones,  another  of  green,  and  so  on.     Tna»  ( 
cobalt,  nickel,  chromium  and  manganese,  metals  present  in  tbe  I 
ground,  might  produce  oil  these  colours, 

A  hypothesis,  huwever,  is  of  little  value  if  it  only  elooid 
one-half  of  a  problem.     Let  us  see  how  far  we  can  fullow  oat  I 
ferric  hypothesis  to  oxplaiu  the  volcanic  pipes.     In  the  first  plsoe  i 
must  remember  these  so-called  volcanic   vents  are   admittedly 
filled  with  the  eruptive  rocks,  aconoceous  fragments,  &o.,  oonstitut 
the  ordinary  conteuts  of  volcanic  ducts.     At  Kimberley  the  pipes  i 
filled  with  geological  plum    pudding  of  heterogeneous  charactefT 
agreeing,  however,  in  one  particular.     The  appearance  of  sbaU  i 
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its  of  otber  rocks  sbows  that  the  m^Iaiige  has  suSered  no 
ikt  heat  in  its  present  condition,  and  that  it  has  been  erapted  from 
Rt  depths  bj  the  agency  of  water  vai)oar  or  some  similar  gas. 
m  is  this  to  be  acoonntod  for  ? 

It  mast  be  borne  in  mind  I  start  with  the  reasonable  suppositioa 
It  at  a  sufficient  depth  *  there  were  masses  of  molton  iron  at  a 
^t  pressure  and  high  temperature,  bidding  carbon  in  solution, 
idy  to  crystallise  out  on  cooling.  In  illastration  I  may  cite  the 
^nes  of  erupted  iron  in  Greenland.  Felt  back  in  time  the  cooling 
Hn  abore  caused  crocks  in  snperjacent  strata  through  which  water  f 
^d  its  way.  On  reaching  the  iron  the  water  woald  be  converted 
k>  gas,  and  this  gas  would  rapidly  disintegrate  and  erode  the 
^nnels  through  which  it  passed,  grooving  a  passage  more  and 
^Q  vertical  in  the  endeavour  to  find  the  quickest  vent  to  the 
^&<!e.  But  steam  in  the  presence  of  molten  or  even  red-hot  iron 
bidly  attacks  it,  oxidises  the  metal  and  liberates  largo  volumes  of 
nrogen  gas,  together  with  less  qnantities  of  hjdrucarbons  (  of 
I  kinds — liquid,  gaseous  and  solid.  Erosion  commenced  by  stoam 
hdd  be  continued  by  the  other  gases,  and  it  would  be  no  difficult 
Idk  for  pipes,  large  as  any  found  in  South  Africa,  to  bo  scored  ont 
I  this  manner.  Sir  Andrew  Noble  has  shown  that  when  the  screw 
pper  of  his  steel  cylinders  in  which  gunpowder  explodes  under 
rare  is  nut  absolutely  perfect,  gas  finds  its  way  out  with  a  rush 
>o?erpowering  as  to  Bcore  a  wide  channel  in  tlie  metal;  some  of 
I  atopi>er8  and  vents  are  on  the  table.  To  illustrate  my  argu- 
Bt  Sir  Andrew  Noble  has  been  kind  enough  to  try  a  special 
nent.  Through  a  cylinder  of  granite  is  drilled  a  hole  0*2  inch 
eter,  the  size  of  a  small  vent.  This  is  made  the  stopper  of  an 
blueion  chamber,  in  which  a  quantity  of  cordite  is  fired,  the 
ea  escaping  through  the  granite  vent.  The  pressure  is  about 
atmospheres,  and  the  whole  time  of  escape  is  less  than  half  a 
nd.  Notice  the  erosion  produced  by  the  escaping  gases  and  by 
^hcat  of  friction,  which  have  scored  out  a  clmnncl  over  half  an 
(b  diameter  and  melted  the  granite  along  their  course.  If  steel  and 
jbite  are  thns  vulnerable  at  comparatively  moderate  gaseous  jires- 
ke,  is  it  not  easy  to  imagine  the  destructive  npburst  of  hydrogen  and 
ler  gas  grooving  for  itself  a  channel  in  tbo  diabase  and  qaartzite, 
(ring  Iragmeiits  from  resisting  rocks,  covering  the  country 
dubris.  and  finally  at  the  subsidence  of  tho  great  nish,  filling 
ielf-niade   pipe    with    a    water-borne  magma   in    which  rocks, 


The  requi'ite  prewnre  of  fifteen  tons  oa   the  square  inch  would  exut  not 
ly  ntilM  beneath  tbo  surface  of  the  earth. 

Tben  ore  abundant  signs  that  a  coiiBidcroblo  portion  of  this  part  uf  Africa 
i  COM  aniler  water,  and  n  fn^sh-water  BhoU  has  been   fuuud  in  apparently 
tbtA  blue  ground  at  Kimberlev. 

'he  water  innk  in  wells  clnso  to  the  Kimbcrley  mine  is  sometimes  impre^- 
1  wUti  paraffin,  uud  Sir  11.  Uoacoc  extracted  a  Bolld  bydrocorboo  from  the 
igrDttDd." 
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minerals,  iron  oxide,  Bbale,  petroleum  and  diamonds  are  clmnied 
together  in  a  veritAhlo  witch's  cauldron?  As  the  beat  ahated  the 
water  vapour  would  gradually  give  place  to  hot  water,  which,  forced 
through  the  magma,  would  change  some  of  the  mineral  fngmeotg 
into  the  now  exiBting  forms. 

Each  outbreak  would  form  a  dome-shaped  hill,  but  the  erodiog 
agency  of  water  and  ice  would  plane  those  eminences  until  all  iruses 
of  the  original  pipes  were  lost. 

Actions  such  as  I  hare  described  need  not  have  taken  plioe 
simultaneously.  As  there  must  have  been  many  molten  masses  of 
iron  with  variable  contents  of  carbon,  different  kinds  of  colonring 
matter,  solidifying  with  varying  degrees  of  rapidity,  and  nomiiig  in 
contact  with  water  at  intervals  throughout  long  periods  of  geologi- 
cal time — so  must  there  have  been  many  outbursts  and  upheavals, 
giving  rise  to  pipes  coutaiuine  diamonds.  And  these  diamouds,  by 
aparaeness  of  distribution,  crystalline  character,  difference  of  tint, 
purity  of  colour,  varying  hardness,  brittleness  and  stato  of  tensioa, 
would  have  impressed  upon  them,  engraved  by  natural  forces,  the 
story  of  their  origin — a  story  which  future  generations  of  scientific 
men  may  be  able  to  interpret  with  greater  precisiou  than  we  ou 
to-day. 

Who  knows  but  that  at  unknown  depths  in  the  earth's  metallio 
core  beneath  the  present  pipes  there  are  still  masses  of  iron  not  yet 
disiutogratcd  and  oxidised  by  aqacons  va[X)ur — masses  containing 
diamonds,  unbroken  and  in  greater  profusion  than  they  exist  in  (be 
present  blue  ground,  inasmuch  as  they  are  enclosed  in  the  matrix 
itself,  ui)dilnte<1  by  the  numerous  rock  constituents  which  oompoee 
the  bulk  of  the  blue  ground '? 

If  this  bo  the  case  a  careful  magnetic  survey  of  the  country  romd 
about  Eimberley  might  prove  of  immense  intoreet,  scientific  and 
practical.  Observations,  at  carefully  selected  stations,  of  the  three 
magnetic  elements — the  horizontal  component  of  direction,  the  vertical 
component  of  direction  and  the  magnetic  intensity — would  soon  shuir 
whether  any  large  masses  of  iron  exist  within  a  certain  distance  of  tka 
surface.  It  has  been  calculated  that  a  mass  of  iron  600  feet  is 
diametor  could  be  detected  were  it  ton  miles  below  the  surface,  k 
magnetic  survey  might  also  reveal  other  valuable  diamantiferou 
pipes,  which  omng  to  the  absence  of  surface  indications  would 
othorvvise  remain  hidden. 

There  is  another  diamond  theory  which  appeals  to  the  fancy.  It 
is  said  that  the  diamond  is  a  direct  gift  from  Heaven,  conveyed  to 
earth  iu  meteoric  showers.  The  suggestion,  I  believe,  was  fi(*t 
broached  by  A.  Meydenbauer,*  who  says : — "'  The  diamond  can  only 
be  of  ounmic  origin,  having  fallen  as  a  meteorite  at  later  perioda  of 
the  earth's  formation.  The  available  localities  of  the  diajDond 
coittaiu  the  residues  of  not  very  compact  meteoric  masseB  which  msy. 


♦  'Chemical  News,'  vol.  Ixi.  p.  200,  1830. 
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rbaps,  bare  fallen  in  hJBtorio  ages,  and  whicb  haro  penetrated 
pre  or  less  deeply,  according  to  the  more  or  lesB  reeiBtaut  cbar- 
of  tbe  sorfoce  where  they  fell.  Their  remains  are  crumbling 
ray  on  exposure  to  tbe  air  and  sun,  and  the  rain  has  long  ago 
^ed  away  all  prominent  maeaes.  The  enclosed  diamonds  have 
temained  scattered  in  tbe  river  beds,  while  tbe  fine  light  matrix  baa 
been  swept  away." 

■  According  to  this  hvpotbesis,  the  so-called  volcanic  pipes  are 
pmply  boles  bored  in  tho  solid  earth  by  the  impact  of  muustroua 
BMleois — the  larger  masses  boring  the  holes,  while  tbe  smaller 
Minaon,  disintegrating  in  tbeir  fall,  distributed  diamonds  broadcast. 
Bizarre  as  such  a  theory  may  appear,  I  am  bound  to  say  there  are 
[ty  circumstances  which  show  that  tbe  notion  of  the  Heavens 
ling  diamonds  is  not  impossible. 

In  1846   a   meteorite    fell   in  Hungary   (tbe   "Ava  meteorite") 

Uch  was  fuond  to  contain  graphite  in  tlie  cubic  crystalline  system. 

Bose  thought  this  cubic  graphite  was  produced  by  the  transfor- 

kion  of  a  diamond.     Long  after  this  prediction  was  veiiiied   by 

feinecheuk,  who  found  transparent  crystals  in  the  Ava  meteorite. 

'r.  Fletcher  has  found  in  two  meteoric  irons — one  from  Youndogin, 

Australia,  and    one   from    Crosby's    Creek,    United    States — 

absolutely  similar  to  those  in  the  Ava  meteorite. 

1886  a  meteoric  falling  in    Russia   contained,  besides  other 

lents,  about  1  per  cent,  of  carbon  in  light  grey  grains,  having 

r  ttafdness  of  diamond,  and  homing  in  oxygen  to  carbonic  acid. 

J)»abr«6   says   the   resemblance    is   manifest    between    the    dia- 

aos  earth  of  South  Africa  and  tbe  Ava  meteorite,  of  which 

Doy  substance   consists  almost   entirely  of  peridot.     Peridot 

the  inseparable  companion  of  meteoric  iron,  tbe  presence  of 

ids  in  the  meteorites  of  Ava,  of  Youndegin,  aud  of  Crosby's 

bring  them  close  to  the  terrestrial  diamnutiferons  rocks. 

Eton  maintains  that  tbe  bronzite  of  the  Kimberley  blue  ground 

Its  B  ooadition  much  resembling  the  bronzite  grains  of  meteorites ; 

■i  Maskelyne    says    that  the   bronzite   crysttils   of  Dutoitspan 

iblfi  closely  those  of  the  bronzite  of  the  meteor  of  Breitonbach, 

It  are  Ibm  rich  in  crystallograpbio  planes. 

But  tbe  most  striking  confirmation  of  tbe  meteorio  theory  comes 

Arizona.     Here,  on  a  broad  open  plain,  over  an  area  about  five 

diamster,  were  scattered  one  or  two  thousand  masses  of  metallio 

I,  tbe  fragments  varying  in  weight  from  half  a  ton  to  a  fraction 

an  ounoo.     There  is  little  doubt  these  masses  formotl  part  of  a 

ic  nhower,  although  no  record  exists  as  to  when  the  fall  took 

Curiously   enough,   near   tbe  centre,    where    most   of    the 

Itea  Itave   been  found,  is  a    crater  with    raised    edgos  three- 

of  a  mile  in  diameter,  and   about  600  feet  deep,   bearing 

ly  tbe  appearance  which  would  be  produced  had  a  mighty  mass 

iron  or  falling  star  struck  the  ground,  scattered  in  all  directions, 

ttd  buried  itself  deep  under  the  surface.     Altogether  ten  tons  of 
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tbis  iron  b&ve  alreddj  been  collected,  and  specimens  of  the  Canyon 
Diablo  meteorite  are  in  most  collectors'  cabinets. 

An  ardent  mineralogist,  the  late  Dr.  Foote,  in  cntting  a  section 
of  this  meteorite,  fuund  the  tools  were  injured  hy  something  Ta^tlj 
harder  than  metallic  iron,  and  an  emery-wheel  nsed  in  grinding  tbo 
iron  had  been  ruined.  He  examined  the  ftpecimcn  chemically,  Htt'i 
soon  after  announced  to  the  scientiiio  world  that  the  Canyon  Diablo 
meteorite  contained  black  ami  transparent  diamonds.  This  startliog 
discovery  was  afterwards  verified  by  Professors  JTriedel  and  Moisan, 
who  found  that  the  Canyon  Diablo  meteorite  contained  the  tbre« 
vmrieticg  of  carbon — diamond  (transparent  and  black),  graphite  and 
amorphous  carbon.  Since  this  revelation,  the  search  fur  diamomb 
in  meteorites  has  occupied  the  attention  of  chemists  all  over  tbt 
world. 

1  am  enabled  to  show  yon  photographs  of  true  diamonds  I  mywtf 
have  extracted  from  pieces  of  the  Canyon  Diablo  meteorite  (Figs.  29, 
80),  fire  pounds  of  wliich  I  have  dissolved  in  acids  for  this  purpoM 
— au  act  of  vandalism  in  the  cause  of  science  for  which  I  hope 
mineralogists  will  forgive  me.  A  very  fine  slab  of  the  meteorite, 
weigliing  about  seven  pounds,  which  bus  escaped  the  solvent,  is  on 
the  table  before  yon. 

Here,  then,  we  have  absolute  proof  of  the  truth  of  the  metenrio 
theory.  Under  atmospheric  influences  the  iron  would  rapidly  oiiiliw 
and  rust  away,  colouring  the  adjacent  wiil  with  red  oxide  of  irun. 
The  meteoric  diamonds  would  bo  unatTected,  and  wonld  be  left  on 
tbo  surface  of  the  soil  to  be  fonnd  by  explorers  when  oxidatiuD  hti 
nmovod  the  last  prot)f  of  their  celestial  origin.  That  there  are  still 
lumps  of  iron  left  at  Arizona  is  merely  due  to  the  extreme  dryness  of 
the  climate  and  the  comparatively  short  time  that  the  iron  has  been 
on  our  planet.  We  are  here  witnesses  to  the  course  of  an  event  which 
nmy  have  happened  in  geologic  times  anywhere  on  the  eaith'< 
surface. 

Although  in  Arizona  diamonds  have  fallen  from  above,  confoandicg 
all  our  usual  notions,  this  descent  of  preuiuus  stones  seems  what  if 
callrd  a  freak  of  Nature  lather  than  a  normal  occurrence.  To  th« 
modem  student  of  science  there  is  no  great  difference  between 
comiMjsitiow  of  our  earth  and  that  of  exlra-ttirrestrial  masses.  Tb 
mineral  peridot  is  a  constant  extra-terrestrial  visitor,  present  in  ) 
metourites.  And  yet  no  one  doubts  that  peridot  is  also  a  true  con- 
stituent of  rocks  formed  on  this  earth.  The  spectn 'Scope  reveal*  t' 
tl<e  elementary  compositiDU  of  the  stars  and  the  earth  are  pretty  mo 
the  same  ;  ko  dijes  the  examination  of  meteorites.  Indeed,  not  od 
are  the  selfsame  elements  present  in  meteorites  but  they  are  oombin 
in  the  same  way  to  form  the  same  mincreds  as  in  the  crust  uf  i 
earth. 

This    identity    between    terrestrial    and    extra-terrestrial 
recalls  the  mapsoB  of  nickeliforous  iron  of  Ovifak.    Accompanied  witi 
graphite  they  form  part  of  the  o<^lo8sal  eruptions  which  have  cove 


04. — Diaratinil  from  Ornyon  Diablo  Melcurlle. 


^.— ObmonJ  (ram  Canyon  Diablo  Mrteorlte. 
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GENERAL  MONTHLY  MEETING. 
Monday,  Jane  14.  1897. 

Bib  Jamib  CHiCHTos-BnowNB,  M.D.  LL.D.  F.B.S-  TreaanrerMJ 
Vice-Prosident,  in  the  Chair. 

The  foUotring  Vioe-Presidenta  for  the  ensuing  year  wen  u- 
nonnced : — 

Sir  Frederick  Abel,  Bart,  K.C.B.  D.O.L.  LL.D.  F.R.5. 

The  Ri«ht  Hon,  A.  J.  Balfonr,  M.P.  D.C.L.  LL,D.  FJl.8. 

WiUiam  Crookes,  Eeq.  F.E.S. 

Edward  Frankland,  Esq.  D.C.L.  LL.D.  F.R.S. 

Ludwig  Mond,  Esq.  Ph.D.  F.R.S. 

Basil  Woodd  Smith,  Esq.  F.R.A.S.  F.S.A. 

Sir  James  Crichton-Bron-ne,  M.D.  LL.D.  F.R.S.  Treaturer. 

Sir  Frederick  Bramwell,  Bart.  D.C.L.  LL.D.  F.R.S.  Hon,  Secrelary. 


Tempest  Anderson,  M.D.  B.$o. 
Samuel  Pope,  Esq.  Q.C. 
Major  Clifford  Probyu, 

were  elected  Membera  of  the  Royal  Institation. 

The  following  Address  to  the  Queen  was  read,  and  it  was  moTeJ 
from  the  Chair,  seconded  by  the  Honorary  Secretory,  and  carried  bj 
acclamation,  all  present  standing, 

"  That  this  Address  be  approved  and  anthorised  to  be  signed  b; 
His  Grace  the  President  on  behalf  of  the  Members : — 

To  Heb  Most  Gr&oioqs  Majbbtt  tbk  Qukks, 
Patron  of  the  Ro;al  InijiitatioQ  of  Great  Britain. 

May  it  Please  Yocn  Majesty, 

We,  the  Presiiit'tit  ntid  Members  of  tho  Royal  Institation  of  Gpcnt  Bril*in,ii> 
geoeral  meeting  asRenableii,  desire  humbly  to  coa^ralalate  your  Majoaty  on  ll* 
coii'pli-tinn  of  the  Sixtieth  Year  of  your  pinrious  atid  beneficent  reign,  tttd  ^^ 
profound  tlinnkfuIneM  to  ackuowlttdge  the  blessinga  which  we,  in  comnwin  *itli 
all  olassea  uf  yoar  aubjocts,  have  enjoyed  under  your  rnlc,  nnd  more  eipeciiUy.  tl>' 
iVeedoni  and  eacoiiragcmi'at  given  to  those  pursuitii  with  which  we,  u  a  cur(ion- 
tioa,  nrt'  conceriitd. 

BciencH,  .^rU,  arid  ManufHctures,  which  it  ia  the  object  of  our  institntioo  fa 
promote,  have  fcmid  in  the  serenity,  wliirh  your  just  nnd  gentlH  govemment  h*< 
conferred  uyton  the  country,  the  cunditious  most  fuvourahle  to  their  growth,  "hilf 
the  ethicivl  prini^iptea,  which  oug;ht  ever  to  sustain  nnd  ilirect  these,  have  h«i° 
quicki-Did  by  the  virtues  which  iiave  adorned  your  throne.  The  exteniioo"' 
eduiatiiiu,  and  pttrticularly  of  tliat  technicnl  cduention,  the  national  iuipnrt'ti'v 
of  wiiich  your  lute  illiiBiriotia  nnd  (*v«r  lamented  Consort  was  the  Aral  to  recovTii"- 
boa  fuvoured  the  difTusinn  of  nutuml  linowledge,  which  a|(ain  has  roulti'.'li''>i 
useful  mncUnnical  inrtntioas,  and  CAoduced  to  Ubw  applications  of  the  uiiD''^^' 
and  other  produotiona  of  the  country. 
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We  venture  to  belicTe  that  the  invcstientioDB  caniKt  nn  in  the  Uboratories 
of  nor  Institation  daring  tbe  Inst  eixtv  y<an,  by  ita  eminent  ProfeesorB,  Imve 
Ranlted  iu  <li8coTerie»  whirh  will  make  your  rirign  memorable  in  Ibe  aiinitU  of 
maeoee,  and  we  confldently  antii'ipnto  that  the  addilinn  recently  mnde  tn  the 
mouitia  of  Lhr-  Inotitutiou,  hy  the  gencroaity  of  one  of  your  subjecta,  will  greatly 
mImiic«  ita  public  n»efulQe.-iS  in  the  future. 

We  fervently  Itope  and  pray  that  your  Majesty  will  still,  for  muny  yean  to 
le,  teign  orer  us  nnd  tbe  vaat  and  vatied  Empire  tlmt  is  happily  united  under 
yonr  Sceptre,  and  that  to-day,  with  one  voice,  offem  you  ita  grnteful  bomoge;  and 
(re  Inok  to  n  continuance  of  the  graoions  patronage,  which  you  and  the  Buyal 
Tamily  have  so  Inng  beatowcd  on  uur  Institution,  as  the  beet  guanttitie  of  its 
~ly  and  succeas." 


Tbe  Prksknts  received  since  the  last  Meeting  wore  laid  on  tho 
kble,  and  tbe  tbauks  of  the  Mombere  returned  fur  the  same,  viz. : — 


9ke  Lords  of  the  Admiralty — Report  of  the  Agtronomer  Royal  to  the  Board  of 
Viritors.     fol.     1S97. 
Report  of  Her  Majesty's  Astronomer  at  the  Cupe  of  Good  Hope  for  1897. 

4to.     1897. 
Independent  Day-Xnmbeit  for  1897,  as  used  at  the  Itoynl  Observatory,  Capa 
of  Good  Mope.    8to.     1897. 

Stcrttary  of  Stole/or  India — Progreas  Report  of  the  Archseological  Survey 
of  Westoiu  India  for  Stpt.  1805  to  April  IH'M.    fol.     18l»e. 
PaUBontolo^in  Indica.    Ser.  XVI.  Balucbiitjin  aud  N.W.  Krontii'r.    Vol.  [. 
The  Jurauii-  Fauna.     Pnrt  I,  The  Fauna  of  tbe  Killawuys  of  Mazar  Drik. 
by  V.  Noetliiig.    fol.    1H95. 

Vfln.  XXV.  XXVI.    8vo,     1895-96. 

dri  Linnet,  ReitU^,  Rt/ma — Alti,  Scrie  Qnintn :  Rendiconti.    Clane  di 
Mnrali,  Vol.  VI,  Fosp.  2.    Clause  di  &cienzo  Flsiche,  etc     !»  Hemoa- 
t«%  Vol,  VL  Fasc.  8-10.    8vo.     1897. 

Aoademf  of  AtU  and  &:i'encfj— Proceedingpa,  Vol.  XXXII.  Nos.  S-9. 
Svn.     189T. 

Jn>n<7,  iMrd.  CB.  F.R8.  M.R.I,  (the  JuiAor)— Electric  Movement  in  Air 
and  Water,  with  Tbenretical  Inferenwg.     fol.     1897. 

•SocfWv 'V'i''-'"7"i -Prooeodinjifl.  !;<:•().  Noa  i}-10.    8vo.     1896-97. 

,  Vol.  LXV.  Port  1,  Nos.  3,  i;  Part  2,  Nos.  a,  4;  Part  3.  No.  1.    8vo. 
97. 

i  Society,  floynt— MoTitlilv  Notices,  Vol.  LVD.  No.  6.    8vo.     1897. 
fmtitula  r./— Journal,  Vol.  XVIII.  Part  5.     8vo.     18H7. 
Mnfftuliail  and  MeteoroUxjieal  Ofcierrfl/ory— ObservalionK,  Vol.  XVIII. 
"•).     4to.     IS'.ttJ. 
fill  ill  the  Ensi  Indian  .\rrliipelBgo  (1893).     8vo.     180«. 
KcniaU'it  J'rruuinrJie  Akadtrmie  der  Wittemehaflen — SitzangBborichto, 
IW?.     No*.  1-22     8ro. 

V.R.A.   PMin   Library— Monthly  Bulletin  of  Booka  added   to  the 
Ubrarv,  Vol.  II.  Nn.  5.    8vo.     1897. 

Ak-itty  of  Xatural  HMtory— Proceedings,  Vd.  XXVIL  No.  H.     8vo, 
(7. 

fiftrirly,  Roj^i/— Quarterly  Record,  No.  fi9.    JJvo.     181»7. 
Arrh't'ct'.  lUiynl  ImtiluU  f/— Journal.  1896-97,  Nog.  13.  14.     8va 
Anlrijiiiiviiail  Aii*oM<Ui(iii — Journal,  Vol.  VII.  No.  l>.     Svo.     1S97. 
Jnniil'iU  nf  FMtK  Ueallh—JuMiwvl  ot  State  MediiMtie,  Vol.  V.  No.  1. 
o,     I8I»7. 

Muirum  Tnutftt—Suhjeet  Index  of  Modem  Works  adde<l  to  the  Library 
rt  the  British  Museum  in  tbe  years  ISH.W.tO  and  1891-9.V  Compiled  by 
O.  K.  Porteaeue.    2  vols.    8vo.     18!) I  97. 
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Brynmer,  Douglas,  Etq.  LL.D.  F-R^.C.  (t;>«  JrefttoX)— Report  on  Cwutdiui 

ArcLivw  for  18i»6.    8to.     1897. 
CaH/ornia,  rniitrtiiy  of — Ilt'pnrt  of  Work  of  the  AgrricoItnTnl  Experintent  Btktigii 
of  ibe  Uiiivoisily  of  Culifoniii  for  1894-H5.    8vo.     1890. 
AgricuUnral  Exiieriroent  Rtslion  Bulletins. 
Report  of  the  Viticultural  Work  of  the  Agricullunl  Experiineiit  SUtiw, 

l«*7-l«3.    8to.     1896. 
Note*  on  (JhiMren's  DrawingB.   Edited  by  G.  E.  Brown.   (TiiiT.  of  GkL  Stodwi, 

Vol.  II.  No.  2.)    8vo.     1S97. 
Oeologicttl  Bulletins,  Vol.  I.  Noa.  12-14.    8vo.     1896. 
Biennial  Report  of  the  Presid.nt  of  the  University,  1894-9C,    8to,    1896. 
Repister  of  the  Uiiiyer»ity,  1 895-96.     8ro. 
Quiclisilver  CoudeDMtica  at  Kew  Alniaden,  Cal.     By  8.  B.  Christy. 

1885. 
On  the  Correlation  of  Rlementnry  Studies.    By  G,  H.  Houraon.    Svo. 
Grape  Sugar  Syroji.     8vo.     i8£>3. 
The  White  Wine  Problem.     8to.     1895. 
The  Vine  in  Southern  Califomiu.     8to.     1892. 
The  Viaeyarda  in  AInmcde  County.    8vo.     1893. 
The  Vineyards  of  Soutli<»m  Califomis.     8vo.     1888. 
Annual  It«|X)rt  of  the  Vitii'ultnnil  Oiimmisainnere.  1887.     8vn.     18S8. 
Study  of  Human  Fonda  and  Fmplical  Diplctiea.     By  M.  E.  Jaffa.    8to. 
Canadian  IrutituU — ProceediDgB,  New  Series,  Vol.  I.  Pari  1.  No.  I.     8to, 
Canning,  Hon.  A.  S.  O.  (.the  Ju/Aor)— llialory  in  Fact  and  Fiction.    A  LitWMj 

Sketch.     8to.     18»7. 
Carruthen,  Rev.  O.  T.  (lAo  Auihory-Tbe  Origin  of  the  Celestial  Law*  and  HotitU. 

8vo.     1897, 
Chtmuxd  Indtulry,  Society  o/— Journal,  VoL  XVL  No.  4.     8to,     1897. 
Chemical  Socjrfy— Joumul  for  May,  1S97.    Sto. 

FrooeedingB,  Nob.  179,  ISO.    Svo.     18V»7. 
Chicago  Aeiuiemp  of  Soieneea — Twenty-ninih  Annual  Report  for  189C.   8to,   iRff. 
The  Lichen  Flora  of  Chieapo  and  Vicinity.    By  W.  W.  Calkins.    (Balletinrf 
Geological  and  Natural  History  Survey,  No,  1.)     8vo.     189S, 
ChieoQo  Field  Cdumbian  AfuMum— Contribution  (2)  to  the  CoAstal  and  Fbii 
Flora  of  Yucatan.    By  C.  F.  Millspaugh.    (Botanical  Series,  Vol.  I.  No.  X-) 
8ro.     1896. 
Catalogue  of  a  Collection  of  BinlF  obtained  bv  the  Expedition  into  Sonwli-lm* 
By  D.  G.  Elliot.    (Omithologioal  Series,  Vol.  I.  No.  2.)    8to.     18y7. 
Craeovie,  VAeadimie  det  Science* — Bulletin  Intemutionol,  1897,  Na  3.    Sto- 
Cratcford  and  Baicarrei,  The  Right  Hon.  the  Earl  of,  K.T.  F.R.S.  M.R  /.— Bibli* 
theoa  Lindesinna.     First  Revi»ion.    Hand  List  of  Prr<!lanuitioas,  Vol  0- 
George  I-Willinm   IV.   1714-1837.     (Privately  Printed  at  the  Ab«lde« 
University  Pre«.)    fol.     1897. 
Di$$ett,  M.  R.  Etq.  {thr  Aulhory—the  Explanntion  of  Uie  Orixin  of  Solsr  •« 
Stellar  Light,  and  the  Minor  Phenomena  connected  therewith.    Sva    I*^^' 
Edif^rgh,  Royal  College  of  rhyiiciani—  Reports  from  the  Laboratory,  Vpl  Vt 

8vo.    1897. 
Editon — Ameriean  Jonmal  of  Science  for  May,  1897.    Sro. 
Analyst  for  May,  1897.     8vo. 

Anthony's  Pliolographic  Bulletin  for  May,  1897.    8to, 
Aeronautical  Journui  for  April,  1897.    8vo. 
AstrophyHiml  Joomal  lor  Muy,  1897.    8to. 
Athenjeam  for  May,  1897.    4to. 
Aolhor  for  May.  1897. 
Bimctnltist  for  May,  1897. 
Brewers'  Journnl  for  May,  1897.     8vo. 
Chemical  News  for  May,  1897.    4to. 
Chemist  and  Druggist  for  May,  1897.    8¥0 
Education  for  Muy,  1897.    8to. 
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ioKtinued. 

•1  EnginceT  for  May,  1897.     fol. 

S  Engineering  for  Slay,  1897. 
Review  for  May.  1897.    8vo. 
t^  for  aUy.  1897.    foL 
Iring;  for  May,  1897.    fol. 
DBlhio  Review  for  Mnj,  1897. 
loal  Jonrnal  for  May,  1897.    Svo. 
ie«  and  Iron  for  May,  1897.    fol, 
>n  for  May,  1897.    8vn. 

of  rhynnal  Chemiitry,  Vol.  I.  No.  8.    8ro.    1897. 
oof  8Ute  Medicine  for  May,  1897.    8to. 
iraai  for  May,  1897.    8to. 
mj  Market  for  May.  1897.     8vo. 
W»  Magazine  for  May,  1897.    8vo. 
Ibr  May,  1897.     4to. 
>ok  Liat  for  May,  1897.    8ro. 
lurab  Magazine  for  May,  1897.    8va 
I^iinenio  for  April,  1897.     8vo. 
1  Review  for  May-June,  1897.    8to. 

£ifiini?8  for  May.  1897.    8vo. 
•  May,  1897. 
!  Agrifultqriat  for  May,  1897.    8to. 
i«t  for  May,  18'.»7.    4to. 

i'  In/iirmatioH  Office — Ctimbined  Circulara  for  Can&Ja,  the  Auatralian 
biitii  African  Colonioe,  Nu».  1-3.     8vo.     1897. 

Wtujineert,  Intlitution  o/— JonmBl,  Vol.  XXVI.  No.  128.    8to.    1897. 
Ifjr  Tecknienl  Labonloriu,  CReJnM/t>rd— Journal  for  Marob-April,  1897. 

iibHoteca  NariomUe  Oitra/e— Bollettino,  Kos.  273,  271.    8vo.     1897. 

IiutitiUe — Journal  for  Blay,  1897.     8ro. 

r.  E.  Etq. — La  Beaurreccion  de  Jegu-Cliriato,  Nueatro  BeDor.    Sva 

pi«o,  |H9(i. 

mtl  Hiictrty,  Royal — Geographical  Journal  for  Mnv,  1897.    8to. 

iBbeiWy— Quiirterly  Journal,  No.  210.     8vo.    18'.i7. 

Undux  to  VoU.  I.-L.  of  tho  Quarterly  Journal,  Part  2,  La-Z.     8vo. 

TntHtuh — Imperial  Institute  Joumnl  for  May,  1897. 

iMiM  t/ii<p«r»ifi/— Univerxity  Cirt'ulari*,  No.  1V!9.    4to.    1897. 

1  Journal  of  FhiloloR^y,  Vol.  XVIL  No.  4.    8to.     1890. 

I  Chemical  Journal  for  May,  1897. 

atory— Report  for  JH96.     8vo.     1897. 

Bn  of  the  Kev*  Obgfrvatory. 

J'ubhe  LOirariet  OmmiKoe— Twcoty-aixth  Annual  Report,  189<}- 

'tuiituliou,  Jloynt  Nntionnt — Annual  Report  for  1897.     8txj. 

ty  (Jiiuwil  Technioil  Etlncnt  on  Bttani — Lonilon  Technical  Educa- 
aiette  (lit  Mity.  lH'.f7.     Hvo. 
k6V«/'>'>'u/ *'Oi'Wj/—Trftnii*ction8,  Vol.  XXV.  Porta  4-6.    8va    1897. 

Literanj  and  i'hitmuphical  ;<oci><y—Mi.moir8  and  Proceeding*,  VoL 
Pans.     8vo.     1897. 

K<  Irulilute  of  I'ccAnolojy— Technology  Quarterly,  VoL   X.  No.  1. 
1897. 

nedad  CYendVlra  "Antonio  ^I<it«"— Memorias  y  Rerista,  Tomo  X. 
-4.    8vo.     l»9t>-97. 

lal  Soeifty,  Iloyal    Journal.  1807.  Part  2.    8to. 

|y»i/  Jtacurian  Aiiidemy  of  Scirneea — ^^itxungdberichte,  1890,  Uc'ft  ,S,  4. 
'h97. 

tt(>  Hcsao'd  nt<iiainmi-lb>  Wcrkc.    Mt>raaaf;o^ebcn  von  d.  Math.  Pb>>. 
k.  Bayi>>ritchen  Akad,  d  WiaaeoBohaften.    4ta    1897. 
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Aac^  Jj«oj««—N»Ty  Le»gueJoan»»l  for  May,  1897.     4ta 

A«ie  York  Aeademy  of  Seieneet—Tmnmctioua,  Vol.  XV.  1895-96.    Svo.   189C. 

Annals.  Vol.  IX.  N.t«.  4.  5.     8to.     1897. 
Sorlh  of  Enijlaiul  InMitiUf  of  Mining  and  Meehanieal  Enginttn    TiMMcticM, 

Vol.  XLVI.  Part  3.    8vo.     1«H7. 
yumismalic  Sorii-it/ — Namismstio  Clironicle,  1897,  Part  1.     8»n. 
OJonUilogifctI  Sociriy  i,J  Great  Britain — Traiitactiona,  VoL  XXIX.  Na  7.   8»o. 

18;«7. 
Onnn.  Prof.  Dr.  H.  KanKrlingh — Co(nmanio«tioD8  from  the  Pbjsioal  LibonWy 

at  the  Univemty  of  Lriden,  Xo.  25.     8to.     1897, 
Pari*,  i*W««  Fmnfaite  (U  P/iv*"?"**— Bulletin,  Nob.  95-97.    8to.    1897. 

Sca.i<i«,  1895,  Fttgc.  1,  2.     8vo.     181*5. 
Pluirmiirmtirul  Sdcitty  of  Great  Brilain — Journal  for  May,  1897.     8to. 
Philadriphia  Aaademy  of  Rotund  ^>en«M— Proc«edingB,   1896,  Part  3,    Sto. 

189/. 
Photof/raphir  SoclHy  nf  Grnsi  Britain,  Royal — Tlie   Photographic  Joonal  to 

April-Mny,  1897.     8to, 
Phyrical  Sfciety  nf  Z«n//on— Proceedioga  Vol.  XV.  Part  5.    8to.    1897. 
Rtm-,  Minittry  nf  PuUir  RVrif— Giornale  del  Gcnio  Civile,  1897,  Fa«j.  P,  **. 

Anil  DKi)ir>ii-     M- 
Royal  EnainetTM,  Corpt  of — Proreaaiooal   Papers,  Foreign   TnuuJation  Savt, 

Vol.  I.  Noa.  4,  5.    8vo.     1897. 
Profearinnal  Papers  of  the  Corps  of  Boval  Endnoers.  Vol.  XXIL    Sra    I!i9& 
R4yal  Society  of  Edinburgh— Viooeedinga,\o\.\XL^o.i.     Svo.     1897. 
Ritpal  Society  of  London— Pbilosnphioal  TrauMctiona,  Vol.  CLXXXVIIL  B. 

Noa.  144.  145,  Vol.  CLXXXIX.  A.  Nos.  193-196.    4to.     1897. 
Proceeilings,  Nos.  871-373.     8vo.     1897. 
Ruuell,  The  Hon.  F.  A.  RiAlo,  F.B.Mei.Soe.  M.B.I.  (Ihe  Author)— The  Atmo^A** 

in  relation  to  Hnman  Life  and  Health.    (Smithsnoiaii  MiacellaDeoat  Odl^ 

tioua,  No.  1072,  Hod^kins  Prise  Essay.)    Wiishingtoo.    8vo.    1896. 
BeUmrne  SiWMfy— Nature  Notes  for  May.  1897.    8vo. 
Smitk,  MiM  Ouwn— Fallacies  of  Race  Theories  as  applied  to  National  Chancto^ 

istics.    By  W.  D.  Babington.    8vo.     1895. 
Smithtonian  Iitstttiitifn — Atmnapherio  Actluometry  and  the  Actinic  Constilnti* 

i)f  the  Atniorphcrc.    (Hudgkins  Prize  Essav,  Smith.  Cunt,  to  Knowleiig<i 

No.  1034.)    4to.     1896. 
Tirpnia  Cartogmphy:    A  Bibtiographicol  Deacription.      By  P.  L.  PhiUil* 

(Smith.  Misc  Coa  1039.)     8vo.     189(i. 
Tht<  ACmoapheri-  in  relation  to  Hiicdaii  Life  and  Health.    By  F.  A.  R.  Biuai!u- 

(Smith.  Misc.  Coll.  1072.)    8vo.    1896. 
Constunis  of    Nitlire,   Part    5.      By  F.   W.  Clarke.      (Smith.  Misfc  CoM. 

1075 ) 
Air  anil  Life.    By  H.  De  Varginy.    (Hodgkina  Prize  Essay,  Smith.  MistOoU- 

1071.)    8vo.     1896. 
Jlouiitiin  Ob*  rtntories  in  America  and  Europe.    By  E.  8.  Holden.    (Smi'*' 

MiBC.  Coll.  1035.)     8m     1896. 
Siuilhsoniau  Pliy»Lc«l  Table*.    Bj  T.  Gmy.    (Smith.  Miac.  ColL  1038.)   ^ 

1896. 
The  Ail  of  Towns.     By  Dr.  J.  B.  Cohen.     (Hodgkina  Prize  Essay.  SbI"'- 

Misc.  Coll.  1073.)     8vo.     1896. 
Ekitiipiiient  ami  Work  of  an  Aero-Phym<^l  Olvservatory.      By  A.  MeA^* 

(Hodgkina  Prize  Eiiaay,  Smith.  Misc.  Coll.  1077.)    8»o.    1897. 
Sotirty  of  Arts — Journal  for  May,  1897.    8to. 
St.  Bartholontew'f  //o«ytta/— Reports,  Vol.  XXXII.    8vo.    1897. 
Sunday  Lecture  Society— Tho  Sunday  Bill  of  1895.     By  A.  V.  F.  Wild.   ^^ 

1897.  ,, 

Tacthini,    Prof.    Jim.  Mem.  B.I.   (IJui   ^ulAor)— Memorie   della  Sociolk  ««" 

6pettroa«>(jieti  Itiiliani,  Vol.  XXVI.  Disp.  1,2.    4to.     1897.  ^ 

United  State*  Department  of  AjriauUure — Experiment  Station  Bulletiiii  ^'>- 

S\n.     1S97. 
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fttttdStaUi  DmHmeftt  of  Inhrior  (,C«mvt  Office) — R«port  on  Crime,  Panpensm 
>nd  Bcnevolenoe  ia  tho  U.S.  at  the  ElevunUi  Ceosus,  1890,  Part  1,  AuulytiU. 
4to.     1896. 
lU-fairt  on  IiuuranM  Bniinesaat  Eleventh  Ceiuiu,  1890,  Fart  2,  Life  luBuranae. 

4ta.     189S. 
[£«iiort  on   ViUl  and  Social  Statistics  at  Eleventh   Census,  Part  2,  Vital 
Stati«tic« :  Part  4,  Statixtics  of  Deaths.    4  to.     1895-96. 

rt  ou   thu   laaune.  Feeble-minded,  Deaf  aud  Dumb  and  Blind  at  the 
eventli  Ceoaiu.    4to.     18i)5. 
(Svport  on  VmnoB  and  Homes.  Proprietorship  and  Indebtedness  at  the  Eleventh 
t     Oenaoa      4to.     1896. 

I  <S«rpiM  ItutUution,  Royal — Jonmal  for  Blav,  1897.    8vo. 
State*  Patent  Oj^oe— Official  Gazette,  Vol  LXXVUL  Nos.  8-13;  VoL 
LXXXIX.  Nos.  1,  2.    8vo.     1807. 
i  Alplabeticnl  List  of  Puteotees  and  Inventions  to  Sept  1896.     8ro. 
b<t«r*ify  ColUije — Supplfinent  t^  tho  Catalogue  (1879)  of  the  General  Library 
*nd  South  Library  of  Uuivorsily  Calk-gc.     8vn.     1897. 

Obttrvatoire  Mittorohgique  —  Bulletin  Mensuel,  Vol.  XXVIII.  4to. 
1896-97. 

Bt/Srderung  de$  O^uMrftJkiuei  in  Preutten — Verhandlangen,  1897, 
Uell  4.    4  to. 

0«ok>gi«U  Indilute,  /mp«na{— Jahibuch,  Band  XLVI.  Heft  2.  Svo. 
1897. 

r  and  Norqah,  Ifestrt.  (Ihr,  PubUnhers) — Problems  of  Nature  :  ReBcnrcbea 
■nd  DisroreriM  of  Ouatav  Jaeger.  Edited  and  Translated  by  U.  Q. 
Bchlichtor.     8vo.     1897. 

Philotnjikical  Society— Annual  Beport  fur  1896.     8ra     1897. 
J  A  Co.  M—tn.  D.  {the  PMutuiri^—The  Itivon  tor's  Companion.  8vo.   1897. 
ilofiaii  Soeicly  of  London — Beport  of  the  Council  for  1896.    8vo.    1897. 
,  N€Umr/vr*chead»  6?«««f:»eAa/t— Vierteljahrgschrifl,  1897,  Heft  1.    Svo. 
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GENERAL  MONTHLY  MEETING. 

Monday,  Jnly  5,  1897. 

Siu  jAMCa   CuoHTOK-BBowirK,  M.D.  LL.D.  F.R.S.  Troasnrer  toil 
Vice-President,  in  the  Oliair. 

Hagb  Harper  Balrd,  Esq. 

Ivon  Braby,  Elsq. 

James  Mackenzie  Davidson,  I'sq.  M.B.  C.M> 

Arthur  Croft  Hill.  Ebq.  B.A. 

James  T.  Johnson,  Esq. 

Loo  Kainro,  Esq. 

Michael  Edmund  Stephens,  Esq. 

The  Kev.  Henry  Wace,  D.D. 

Julius  Wemher,  Esq. 

Henry  "Wilde,  Esq.  F.E.S. 

were  elected  Members  of  the  Boyal  Listitution, 

The  Special  Thanks  of  the  Members  were  returned  for  the  following 
Doaatiou  to  the  Fun'^  for  the  rromotioQ  of  Experimental  Bceesrch  it 
Low  Temperatures : —  ^ 


Sir  Andrew  Noble,  K.C.B. 


£100 


The  Presbmtr  received  since  the  last  Meeting  were  laid  on  tlit 
table,  and  the  thanks  of  the  Members  retamod  for  the  some,  Til.:— 


AoBodemia  dei  Linen,  /tenite,  homa — Olasse  di  Sotenze  Fisiche,  Mitematfab* ' 

Nuturttli.    Atti,  Serie  QninU :  Rendictmti.     l»Semeatre,  Vol.  VL  Fm<j.1I» 

ClftBBe  lii  Scienze  Morali,  io.    Serie  Quiuta,  Vol.  VI.  Faac.  3,  4.    8to.  1*-'''1 
AgricuUural  SoiriHy  of  England,  Uoyal—Joumtil,  3rd  Series,  VoL  VUL  P»rt^ 

8vo.     J  897. 
AmeTi<<an  Aeademf  of  AH*  and  Seienoe* — Prooeedlngs,  New  Series,  VoL  XSu- 

New.  10.  12.    Hvo.     1.S97. 
j^rfroiwmicaJ  4>'ofie/i/,  ifoyai— Monthly  Xotioea,  Vol.  LVIL  No.  7.    8to.    1887- 
Banken,  Imtitule  o/— Jounml,  Vol.  XVIIl.  Part  6.     8»o.     1897. 
Bteh,  M.  M.  {the  Author) — Etuile  ex[>e'rimentale  but  rEleclroMagn^tijiDe  i*"*" 

Tersaiil  tuuUv  le»  fdew*  ixctuelleiuent  udiuues  uur  eette  scitiuue.    8to.    '®^' 
Botbm  PMie  Ltferory— Monthly  Biilletin,  Vol.  II.  No.  6.     8to.     1897. 
Brilirh  ArckiUeU, Moyai  IiutiluU  o/— Journal,  3rd  Series,  Vol.  IV.  No«.  IS.!*- 

4  to.     1897. 
BritUh  Aitrtmomieal  Auveiallrm — Jonmal,  Vol.  VII,  Noa.  7.  8.     Sra    1897. 
Cambridge  Philotopkiral  Society — Pxuceetlirigs,  Vol.  IX.  Port  $.     8vo,     ISIT. 
Camera  Ciufr— Journal  for  May-June,  181)7.    8vo.  ^ 

G'pf  of  Good  Hope,  The  t-urveyor^General  of  the  Cctony  of  the — Beport  on  ColW' 

Slorris's  Geodetic  Survey  of  South  Africa.     By  U.  Gill.    (ol.    1896> 
Clunnical  Indutlry,  Sooiety  a/— Jouniiil.  Vol.  XVI.  No.  5.     Svo.     1897. 
Chemieal  8oeielt/-~Jo<imfi\  lor  June,  1897.     Svo. 
Proccediogs,  No*.  173-178,  181.    Svo.     1807, 


meriotn  Journal  of  Bdence  for  Jane,  1807. 
for  June,  1897.     8vo. 

'■  Phntoprapbic  Bnlletin  for  Jane,  1897,     8vo. 
tical  Journal  for  Jaonary,  1897.     Svo. 
im  for  Jun?,  1897.    4to. 
(nr  June.  1897.    Svo. 
list  for  Jane,  1897. 
r  Joanial  for  Jano.  1897.    Svo. 
ll  New*  for  Jane.  1897.     4to. 
nod  Uru^igist  fir  June,  1897.    8to. 

for  June,  1S97. 
1  Enijinoer  for  Jnne,  1897.     fol, 
1  Enffinoeriii^  for  June,  1897.    8to. 
1  Be  view  for  June,  1897.    Svo. 
Ity  for  June,  1897.    Svo. 
for  J  imp,  1897.     fol. 
n»r  for  June,  1897.     fol. 
lathic  Review  for  Jnne,  1897.    Svo. 
\l  Journal  for  June,  18;»7.     8vii. 
and  Iron  for  June,  1897.     fol. 
for  Jane,  1897. 
of  Physical  Cbcmistry  for  Jane.  1807. 
of  State  Me<licino  for  Juno,  1897.    Svo. 

al  for  June,  1897.     Svo. 
BK  for  June,  1897.     8ro. 
Teolinical  tklacation  Gnretto  for  June,  1807.    Svo, 

Marketfor  June,  1897.    Svo. 
|b>  June,  1897.    4to. 
ik  Lint  fcir  Juno,  1897.    Svo. 
arch  Magasine  for  June,  1897.    8va 
Hmeoto  for  May,  1897.    Svo, 
,|iliic  News  for  Jutio,  1897.    Svo. 
k<Bllh  EuKineer  for  Juno,  1897.    Svo. 
Biftint,'*  for  June,  1897. 

t  for  June,  1897.     fol.  , 

AKricuIturist  for  June,  1897. 
bt  for  June,  18'.'7.     4to. 

^nginerrt,  IntUlitim  n/— Jourual.  Vol.  XXV.  No.  129.     Svo.     1807. 
"  Jnformittuin  Oprt — tkimbineii  Ciroulare  for  Ciuiada,  The  Anstniluaioa 
buti)  Afrienn  Coloniea,  Noa.  1-3.    Svo.     1897. 

Jtthn,  K.C.B.  P.R.S.  Jf.i?./.— "The  Parloment  of  the  Thre  Auea." 
Iliierative  poem  of  the  14th  Century;  now  flr«t  edited  fmm  MSS.  in 
Itiab  Muaeuni,  with  introiluctioo,  note*,  nnd  appi-ridiceH  eoiitainin(( 
m  of"  Winuero  and  WuBtonre"  and  illustrative  texte,  by  I.  Gulluncz.) 
3897 

\a  Stiiinnak  Central — HoUelino,  No.  275.     Svo.     1897. 
— Journal  lor  June,  1897.     Svo. 

ety,  Koijal — Geogrnphiml  Jouruiil  for  June,  1897.     8vo. 
namey  on  the  Upper  Mekong,  Buim.    By  H.  W.  Bmith. 
.)    Svo.     ifi95. 

Httinoa,  Country  and  People.     By  8ir  W.  Mucgregor. 
,tion.)    Svo,     1897. 

Penian  Irnk.     By  Geiicrul  A,  Houtnm-Schindler.    (Extra  Public*- 
Svn.     1897. 
iluU — Imperial  Institute  Journal  for  .lane,  1897. 
■  Univenity — American  Journul  of  Philology,  Vol.  XVIII.  No,  K 

,  Cltewii-riJ  Jonmal,  Vol.  XIX.  No.  6  (June).    8vo. 
ily  CCrcuUre.  No.  130.     8vo.     1897. 
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Knaz.  tl  T.  C.  E»q.  M.B.I.— The  Mary  LeogM  Gaido  to  the  Naval  Beriew  at 

1897.    8vo.     1897. 
MtUorologieal  Sociely,  Royal — Qoartetly  Jonmal  for  April,  1897.    6Ta 
Meteorological  Reoonl,  No.  63.    Sra     1897. 
HinU  to  Meteorological  Okwervera.    Fourth  edition.    8vo.     1897. 
MicToteopical  ftxitly,  Boya!  — Jonmol,  18S»7,  I'art  3.     8vo. 
Middlatx  //cwpiCai— Reports  for  1895.    8vo.     1896. 
Nvtxm  League — Navy  L«agU6  Journal  for  June,  1 8S>7.    8»o, 
Pant,  SoeiiU  Franpiite  de  Physique— Seancea,  1896,  Faac.  4. 

Bolletin,  Nos.  98,  99.     8vow     1897- 
Pary-CotU^  F.  B.  Etq.  (the  AuUu>r)—Aji  Extraordinary  Cose  of  Colour  Bliiiil- 

new.    8vo.    1897. 
PhermaeeHtieal  Society  of  Greal  Brilain — Journal  for  Jane,  1897.    Sto. 
PhiladeJphia,  Academy  of  Natural  Smeneei — Proceedinga,  1897,  Part  1.  8to. 
PhilfuUiphia,  Gfotjraphical  Sooitty  of — Map  of  tho  Arctic  B^oni  (with  moil 

ricent  Esplomlioiis).     By  A.  Heilprin.    fol.     1897. 
Photographic  Society,  lloyal — Photo«;raphic  Journal  for  Juae.  1897.     8to. 
Phytical  Socifty  of  iMniion — Proceeding-s  Vol.  XV.  Part  6.     Sto.    1897. 
Rome,  MiiMry  of  Public  Hor/«— Gioniale  d«l  Oenio  Civile,  1897.  F..»c.  3.  8viw 
Bote  A  Co.  MetMTt.  IK.— .lubilee  Souvenir  of  tlip  Fire  Serviix;.    A  History  <A  tb» 

Fire  Service  and  its  Org:sniiitttioii8.     fol.     1897. 
Royal  Comwall  Polyttehnir  Societv — Sixtv-fourth  Annual  Urport,  1896.    8fO, 
itej^oZSocWy  o/ London— ProoeedingB,  No.  374.    8vo.    1897. 
Saxon  Society  of  Science*,  Boynl — 
Afathematiaelt-Phytiedu  Claete — 

Boriohte,  1897,  Nog.  1,  2.    8vo.     1897. 
SeUtome  Soeir:ly — Nature  Notea  for  June,  1897.    8vo. 
Society  of  i4r(4— Journal  for  June,  1897.    8vo. 
SI.  Petenburg,  Acadimie  ImpMaie  dee  iSetmoea— Bulletin,  V*  8erio,  Tome  VI 

No.  3.    8vo.    1897. 
Taedtini,  Prof.  P.  HwMem.R.I.  (the  Aut)tor)—}^emoTie  della  Sodatk  d(«Ii  Spet- 

troaoopirti  IhiliaDi,  Vol.  XXVI.  Diap.  3.    foL     1897. 
Thornton,  Jamrt  Boaard,  Etq.  CB. — Memoriea  of  Soven   Campalgoi  (ladi*. 

China,  Egypt,  the  Soudan).    8to.     1895. 
United  Service  Intlitution,  Royal— Jotunai  for  ,7000.    8vo.     1897. 
United  Slaiet  Department  of  AgricuUure — Experiment  Statiun  Eeoord,  VoL  VDL 

No.  7.    8vo.     1897. 
Experiment  St»lion  Bulletin,  No.  38.    8vo.     1897. 
Cotton  Caltnre  in  Egypt    By  G.  P.  Foaden.     (Experiment  Gtatioa  Butlotin, 

No.  42.)    8vo.     1897. 
Sotne  Common  Birds  in  their  relation  to  Agrioultoie.     By  F.  E.  L.  Beal. 

(Farmers'  Bulletin,  No.  54.)    8vo.     1897. 
Cfcilmi  S&tta  Paten/ (>/^cr—Offiaial  Oasette,  Vol.  LXXIX.  Nos.  3-6.    8to.   1897. 
Ufoi,  Boydl  Society  of  Scieneee—Son  AcU,  3rd  Ser.  Vol.  XVII.  Faaa.  1.  *^- 

1896. 
Verein  stw-  BefHrderung  dee  Gewerb/Mtae*  in  Preunen — Verhandlungen,  I^> 

Heft  5.    4to. 
Vienna,  Imperial  OeeHogitoX  Inetitule — Verhondlungen,  1897,  Noe.  6-8.    Srau 
Welch,  J.  Cuthbert,  E*q.F.C.S.  (the  Compifer)— General  Index  of  the  Troeeei'ngt 

of  the  Societv  of  Public  Aualyst*.    Vol  I.  and  to  The  AnaJyst,  Vols.  L-XX. 

(1877-96).     8to.     1897. 
Zoological  Society  of  London — Proceedings,  1897,  Part  1.    8vo.    1897. 
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GENER.\L   MONTHLY   MEETING, 

Monday,  November  1,  1897. 

In  Jahss  Ceichtok-Bbowsk,  M.D.  LL,D.  F.R.S.  Treaeuror  and 
Vioe-Prosident,  in  the  Chair. 

John  W.  Woodall,  Esq.  M.A.  D.L.  J.P. 
a  Moniber  of  the  Boyal  Institution. 

He  lollowing  letter  waa  read  : — 

Whitehall,  2nd  Jtdif,  1897. 
Mt  T^rd  DrKK. — 1  linre  lind  the  honour  fo  lay  before  Tlie  Qu..-en  the  loyal 
I  datiful  iKlilrras  or  the  Royiil  Institution  of  Gnat  Britain  on  tho  twcairion  of 
jeuty  attaining  the  tixtietL  year  of  her  roign,  aint  I  have  to  inrorm  Your 
lat'llcr  Majeaty  waa  pleoaed  to  receive  the  «iuue  very  gracioiuly. 

I  have  thu  hnnour  to  be. 

My  Lord  Duke. 
Your  Graou'd  obedient  Mrvant, 

(Signed)        M.  W.  Bidley. 
'Bia  Omoe  The  Dnke  of  Northnmberland,  E.G.,  &e. 

Tbo_  Special  Thanks  of  the  Members  were  returned  to  Mr.  A.  J. 
lipkina  fur  bis  valuable  preaout  of  the  Collection  of  Tuuiug  Forks 
by  the  late  Dr.  Alexander  J.  EllJB,  F.R.S.  M.R.I. 

The  Prbsehts  received  since  tho  last  Meeting  were  laid  on  the 
t>le,  and  tlio  thanks  of  the  Members  returned  for  the  same,  viz. : — 


•General  of  India — Geological  Sarrey  of  India :  Reoorda,  Vol.  XXX. 

Parts  2,  3.    8to.    1807. 
h«  Lord*  of  the  AdmiraUy — Refulta  of  the  Spectroaorjpic  and   Photographic 

Ob*«rTutiriii8  Dinde  at  the  Boynl  Observatory,  Ureouwich,  in  1891.    4to.    1897- 
Gre«&frich  OtwcrvatioiiB  for  181*4.    4to.     IA97. 
he  Brili*h  Mtiteum  {Natural  i/i'a(ory)— Catalogue  of  the  Fosail  Ck>phaIopoda, 

Pwt  3.    By  A.  H.  Ford  and  O.  0.  Crick.     8vo.     1897. 
Obtalwae  of  the  Africun  Phinta  oolleoted  by  Dr.  F.  Wolwiteoh  in  1853-^1. 

Diootyledona.  Purt  I.    By  W.  P.  Hiem.    8vo.    1896. 
Oatalngne  of  Tertiary  Mnlliupa,  Part  1. 

The  Anatraiiaii  Tertiary  Molhiaca.     By  G.  F.  Harris.    8vo.     1897. 
Ookle  to  the  Fossil  Maiiinialg  and  Blrda.    8vo.     1896. 
Oatde  to  the  Foaail  KepUlee  and  Fishes.     8vo.     1896. 
Gnide  to  the  ro»«U  Invertebrates  and  Plants.    8vo.     1897. 
U  Meteorotogieal  Ojjiee — Heteorologicfd  OtxterrutioQS  at  Stations  of  thu  Svcoud 

Or<!.r  for  \»Ji  and  1893.     4to.     189ft-97. 
Modtuly  Current  Charts  for  tho  Atlnntio  Ocean,     fol.     1897. 
Uunrlv  Mcuu'S  for  1893.     4 to.     WX>. 
Brport  of  the  lutoniuUoiial  Moti-orologiual  Gouferenoo  at  Pari«,  I89ti.    8vo. 

1897. 
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Aeeademia  dei  Lineti,  Iteale,  Roma — Atti,  Serie  Qainta:  R«cidicoTiti.    CtuM  di 

Scienzc  Momli,  Vol.  VI.  Faw.  5,  6.   Clawe  di  Scienze  Kuicbe, eta.   1°  Stmat- 

tie.  Vol.  VI.  Faac  12.    2»  Semcstre,  Faec  1-7.     8vo.     1897. 

Atti  deir  Aocadeniia  PoDlifl«i&  de  Ndoti  Linc«i,  Aii&o  L.  &em.  V^  VI'.    4ta 

1897. 

A(lami  Memoriid  CommitUe — Sclentiflo  Papers  of  J.  O.  Adanu,  YoL  L    Editbl 

by  W.  G.  Adams,  with  a  Memnir  bv  J.  W.  L.  GlBaliier.    4to.    1896 
AgrieuUurai  Soeiely  of  Great  Britain,  Boyal — Joum&l,  3rd  S«nes,  Vol,  VOL 

Part  3.    8vo.     ltW7. 
Amtrieal^  Academy  of  Art*  and  8aiMM$ — ProoeediogB,  YoL  XXXIL  No.  IS.  in. 

1897. 
AmtTi':an  Gepmupht'^t  SoHrly — Bolletin,  Vol.  XXIX.  No.  2.     8vo.    1897. 
American  Pliitomiihical  Soeietif — Proceeding*,  Vol.  XXXVI.  No.  15*.    8»o.   1897. 
Amsterdam  Royal  Academy  of  Seieneet — Jaarboek,  1896.     Sva     1897. 
VenUj^n.  Deel  5.    8to.     1897. 

Yerhsndelingen,  Erate  Seotie,  Deel  V.;   Tweede  Sectie,  Ded  IL  DwI  V. 
No8. 4-10.    8?o.     1896-S7. 
AT>;to\ctki,  Henryk  (Ihg  .4«</iorj  —La  Gcnealogie  des  8oi«iiOM :  qnelqnes  renurqaef 
BUT  la   Biblioeraphio  des  Mcmoirea  ncientifiquM  et    le    Frincipti  de  li 
olaMiBcstion  des  SetencM.    8to.     1 897. 
Mat^riaux  pour  aorrir  &  la  Hibtiogmphie  des  TraTnnx  acientifiqoM  Pnlonili 
(Index  des  Mdmoires  pnblie'd  duns  l«-a  premiers  Volames  des  alim.  Fhj)io- 
irrapliiqucs  de  Pologne).    Svo.     1897. 
Atialtc  Society  of  Bengtd — Prooeediiias,  1897,  Nog.  1-4.     8to.     1897. 

Journal,  Vol.  LXV.  Part  3,  Special  Number.     Vol.  LXVL  Part  1,  No.  1 
Part  2.  No.  I.    Svo.    1897. 
Afiatie  Sncie/j/,  iioj/aJ — Journal,  Jnly-OcL  1897.    Svo. 
AUroHOMieal  Soei^y,  iioyal— Monthly  Nnticea,  Vol.  LYII.  No.  8.    Sva    1897. 
Autiralian  Muteuut,  ^^ney— Aunual   Report  of  tlie  Tmsteea  for  1898.  8ia 

1897. 
Bandsept,  M.A.  ((?»«  Auihor) — Incandeaoeiioe  par  le  gaz :  Br&Ieoia  et  Mtnnlinit 

Svo.     1897. 
Itanhert,  ImtituU  o<— Journal,  Vol.  XVIII.  Part  7.    Svo.     1897. 
Berlin,  Koni^Ucht  IVoAniM/w  HodiicJiule — Programm,  1897-9S.     8vo. 
Berlhot,  P.  E«q.  {the  Author) — Dea  Faroes  Mntnellea  «t  de  leurs  applioatiomaD 
phenomcnes  m^aiqaes,  phynquM  et  obimiqaea.    2  Parts.    188^1897. 
Snr  nnc  loi  empirique  reliant  le  rayon  moyen  orbitaire,  la  maate  et  la 

k  I'equatcur  des  planutee.     1896. 
Sor  leg  effetg  dee  forces  mutuellt-s. 
Beean,  Rev.  J.  0.  M.A.  M.R.I. — An  Aiehnolo^eal  Surrey  of  Henfocw 

Medieval  Period.     By  J.  Davies  and  J.  O.  Bevan.     4to.     1897. 
Biakelu,  Mrt.  H.  C.  (,th«  AvihoTeu)—B\ake\y  and  Annstroog  Gona.    Tlitni 

edition.    Svo.     1897. 
Boeton,  V.S.A.  Public  LtTirary— Stontbly  Bulletin  of  Books  added  to  tlie  LibnT' 
Vol.  II.  No8.  7-10.     8vo,     18!»7. 
Forty-fifth  Anniml  Report.     Svo.     1897. 

A  List  of  Periodicals,  Newspapers,  Trurmactions  and  other  Seriul  Pnbliwtim* 
currently  received  in  the  priuuipal  Libraries  of  Boston  and  Virinilv.    !t<v- 
1897. 
Contributions  towards  n  Bibliography  of  the  Higher  E<lnoation  of  W«sw<>- 

Svo.     1897.     (Bibliograpliies  of  St)eoial  Subjects,  No.  H.) 
A  Brief  DesoriptioD  of  the  Chiunberlain  Collection  of  Aubigrapha  io  BuiM 
Public  Library.     Svo.     1897. 
Botanic  Society,  Royal — Quarterly  Rt-conl,  No.  70.    8vo.     1897, 
Britith  Architectt,  Royal  InUitute  o/— Journal.  1896-97,  Nos.  17-20.    8vo. 

Calendar,  1897-98.     Svo. 
Britith  Atlrnnomical  Afocialion—'M.emoiTa.  Vol.  V.  Ports  3,  4.    8ro.    1897. 

.lotirnsl.  Vol.  VIL  Noe.  9,  10.     8vo.     1897. 
Cambridge  Vniveruty  Z/i&mry— Annual  Report  of  the  Library  Syn^cate.   *>* 
189a 
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Joarnal  for  July-Oot  1897.    8vn. 
tlofieal  Survey  o/— Aimuiil   Heport  (N.S.)  Vol.  VIII.  (1805)  and 
a.    8vo  and  fol.     1*97. 
!  Iwhi'try,  Society  o/— Journal,  Vol.  XVL  Nofc  6-9.    8to.     1897. 
■'—Journal  for  July-Oot.  1897.    8vo. 
N'u.  Isf2.    Sro.     1897. 
r.  ii.,«8.  May,  181)7.     8to. 

D.  K»n.  iUu-  AuUifrT)—CaUdo)ihi  delle  BibIiot«che  e  I'lostitato  Inter- 
kle  111  HihlioKraKa  di  Brnxeites.     8to.     1897, 

. .  if.  Eta.  (the  Author) — Some  Fandamental  PropoBitions  relating  to 
ijgn  of  Frameworks.     Svo,     1897. 

*,  I^^$tU»Uum  6/— Minute*  of  Proceedings,  Vols.  CXXVIIL  CXXIX. 
1897. 

F  the  Council,  1897.    8vn. 
Unto.  JI»jfl;-Procee.linsr8.  Vol.  XXVIII.    Svo.    1897. 
""  lie  det  Sritwet — Diilli>tin  Intprnulional,  18117,  Noe.  4-7.    8to. 
iAe  (le  Borda—ha\Utin.  189«.  Ko.  4.    Svo. 

re  AMoeiiititrn—liopoTt  and  TrsTisactions.  Vol.  XXIX.     8to.     1897. 
'ia  jU»ociayion— Journal,  Vol.  XXIX.  No*.  10,  11.     Svo.     1897. 
lk,RoyalSorietyof—PK<xc^\ing»,\i,l.XXl.'So.  5.    8vo.     189G-97. 
-American  Journal  of  Science  lor  July-Oct,  1897.     8vo. 
It  for  Jnly-Oct.  1897.    8vo. 

oy's  Pbotogrnphic  Bulletin  for  July-Oct.  1897.    Svo. 
aotical  Journal  for  Jidy-Oot.  1897.    8ro. 
^bydral  Jounml  for  July-Oct,  1897.    Svo. 
B  Veneto  for  189G.    8vo. 
■urn  for  July-Oot.  1897.    4to. 
t  for  July-Oct.  1807. 
tlliit  for  Jnly-Ocu  1897. 
■"  Journal  for  July-Oct.  1897.    Svo. 
pi  News  for  Jnly-Oct.  1897.    4to. 
Band  [>nigin»t  tor  Jiilv-OcL  1897. 
Bon  for  Jnly-Oct.  1897.    Svo. 
leal  Engineer  for  July-Oct  1897.    ful. 
leal  Enpinoeriiig  for  July-Oct  1897. 
ioal  Review  for  July-Oct  1897.     8vo. 
■erfor  July-Oct  1897.     fol. 
eeringfor  July-Oct  1897.    fol. 
mpatbio  Review  for  July-Oct  1897. 
igical  Journal  for  July-Oct.  18U7.     Svo. 
ries  and  Iron  for  July-Oct  1897.    fol. 
ion  for  July-Oot.  1897.    Svo. 
d  of  Physical  Chemistry  for  Oct.  1897. 
dei  State  Medicine  for  Julv-Oct  1897, 
fenal  for  Jnly-Oct.  1897. '  Svo. 
■ry  Market  for  July-Oct.  18l»7.    Svo, 
ra)r  July-Oct  1897.    4to. 
Jbnrch  .Magazine  for  July-Oct  1897. 
Cim^i't'i  for  Jane-U«pt.  1897.     Svn. 
■1  Beriew  for  July-Sept.  1897.     8vo. 
1  Health  Engineer  fur  July-Oct  1897. 
e  Sifting*  for  July-Oot  1897.    8vo. 
trial  Magnetism  for  June,  1897.    Svo, 
,  for  June  aud  8<'nt.  189G,  March,  June  iind  July-Oct  1897. 
•1  Agriculturist  for  July-Oct  1897.    Svo. 
iUft  fur  July-Oct.  1807.     Ito. 

I  Engineert.  Inilitution  o/— J.nimol,  Vol.  XXVI.  No.  l.SO.  8to.  1897, 
~i  Rules  recoRitncnded  for  the  Supply  of  Electrical  Energy.  Svo.  1897. 
""    abers,  Ae.  1897.    Svo. 

,  Kq.  ilhe  .4  ufAor)— Shakespeare  aud  the  Bible.    ICmo.    1896. 
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EmigranUi'  Infnrmalion  0/S«— Canada  Circular.  1897.    8ya 
Auetntlaeiiin  Colonies  Circular.  1897.     8vo, 
Sf>uth  African  Colonies  Circular,  1897.     8to. 
£m(»  Gtuhty  Tfchnieal  LaboratorUi,  Chelmt/ord — Jonro&l  for  May-Joljr,  18?7. 

8to. 
Field  Colunibian  Miueum — Arrbeolopcal  gtodies  among  the  AjDcieot  CHi«  of 
Mexico,  Port  2.     By  W.  H.  tiolme«.     8vo.     l!i97. 
ObMirationa  on  Popocataptett-I  and  Ixtuxihonti.     By  O.  C.  Farrington. 
List  of  Mammals  from  Somaliliind,  ie.    By  D.  G.  Elliott    Uyo.    Iis97. 
Florence,  Bibliot«ca\SaiiimaU  Cenfrnfc— Boll'ettino,  Nos.  27G-283.    8to.    1897- 
Florence,  Reale  Aecademia  dei  Genrgojili — AIti,  Vol.  XX.  Disp.  2.     8to.    18S7. 
FnMin  /n*<au/e— Journal  for  July-Oct  1897.     8vo. 
Garrard,  J.  J.  Etq  (the  Author) — Report  on  the  Mining  Indnatry  of  Znlnland  in 

1896.    8ro.     1897. 
Gtngraphieal  Sotiety,  Royal — Geographical  Joamal  for  Jaly-Oct.  1897.    8to. 
C«)ioj;«faI5oc»Wy— Quarterly  Journal,  Na  211.    8vo.     1887. 
Geological  Literature  added  to  the  Geological  Society's  Libmrr  during  pu 
1896.    8vo.     1897. 
GladtUyne,  Or.  J.  H.  F.R.S.  .V.iJ./.— Tijdaohrift  ran   bet  Ron.  NederUnilxh 
Aardrijkskondig  Uenootschap  v.  Amatc-rdam,  Tweede  Series,  Deel  XIIl. 
8vo.     1896. 
GUunoiB,  PhiloiojAieal  Society  of — Proceedinga,  Vol.  XXVIIL     Sto.     18S7. 
llarlrm,  SoeiiU  EoUandaiae  dtt  Seienet* — Archives   Xeerlandaiaea,  Serie  II. 
Tome  1,  Livr.  1.    8vo.     1897. 
(Envres  Completes  do  Christian  Hnygena.   Tome  Til.  Coirespondanoe,  1671^ 
1675.     4to.    1897.  J 

iriimirdCoU«^<;,il*<roiioi»i«i/06««TOtof«—.\nDal«,VoL  XXVI.  Parti  4ta  ISffj 
Head,  Jeremiah,  Etq.  M.  Intt.  G.E.  M.B.I.  (Uu!  Authory-The  Coal  IndiMt^r  ofthsl 
South-}<ji8t<*m  States  of  North  America.    8vo.     1897.    (North  of  Engbad] 
Institute  of  Mining  Eng.  Excorpt) 
Eotcard  Attooiaiion — Penological  and  Preventive  Principles.     By  Wm.  Ta 

Second  edition.    8vo.     1896. 
lUinoii  State  Lahoralory  of  Natural  fltVorv— Bulletin.  VoL  V.  Part  2.  8vo.  1891. 
Imprrial  /»m<«7u/«— Imperial  Institute  Journal  for  July-Oct.  185/7. 
Jriiji  and  Steel  Inititule — Journal,  1897.  No.  1.    8vo. 

List  of  Membera,  1897- 
Japan  Imperial  Vnivertity — Jonmal  of  the  College  of  Boicnce,  Imperial  Uni»«" 

aitv  of  Japan,  Vol.  X.  P«rt  2.    4to.     1897. 
Johnt  Itopkifu  Univertiiy — University  Circolar*,  No.  131.    4to.    1897. 
American  Journal  of  Pliiloloiry,  Vol.  XVII L  No.  2.     8vo.     1897. 
American  Chi-mical  Journal  for  July,  Aug.  1897. 
Kunz-,  Miu  C.  T.  F. — Cotliim  Pliilosopliorum.    24rao.     1553. 
DiotionHriuD)  ThKiphnisti  PnrMoctBi.     16ido.     1^84. 
Diotinnnaire  Mvtho-Hennetique.    Pnr  H.  J.  Pernety.    IGmo.     1787. 
Knox,  U.  T.  a  Eiq.  M.R.  I.— The  Navy  League  HAndbook,  1897.    8va 

The  British  Navy  for  100  years.     By  C.  N.  McHardy.    8vo.     1897. 
Leeds,  Literary  and  Phitotophicnl  Society  of — Annual  Ueport.     8ro.     18W. 
Life-Boat  hvttituiion,  Roual  Satifmiil — Journal  for  •A.ug.  1897. 
Linnean  Society — .Journal,  Noa.  1C7.  228.    8vo.     1897. 
Tram-actions:    Botany,  2nil  Series,  Vol.  V.  Parts  5,  6;  Zoologv.  2nd  8*ri« 
Vol.  VI.  Parts  7,  8';  Vol.  Vlf.  Parts  1-3.    4to.     1896-97. 
lAverpool,  Literary  and  Fhiliniophiral  Soi-itty — Proceedinga,  Vol.  LI.    Svo.    \99i. 
London  Chamber  of  Commeroe — Cement  Tnnie  Section— heport  re  Cement  Adaiit- 

ture,  with  evidence  of  experts,     fol,     1897. 
London  County  Couneil  Ttchniral  Ediu^ition  Board — London  Technical  EdtK*- 

tion  (iazette  for  Jnly-Ool.  1897.     8vo. 
Manchesitr  Geological  Society — Transnctions,  Vol.  XXV.  Parts  7-11.   8vo.   IS"- 
Mancheeter  Mrueum,  Owent  College— Holes  from  the  Manchester  Museum.    Nos. . 
1-4.     8vo. 
Boport  for  the  Tear  1896-97.    Sto.    1897. 
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Steam  Vmrt*  Auoeiailtm—FoatttenXh  Annoftl  Report  on  the  Working 

of  tlie  Boiler  Explwious' Acts.  1882-90.  Keporta.  Noa.  878-956.  fol.  1896. 
hn'fini,  Dioclrtiann,  Etq  (ttte  Trxiwilator) — Oili,  Epistole,  Satire  del  Horaoe. 
L  (In  Italian.)    8va.     1«1>7. 

'M«etu  IratitJtU  o/  Tt^hmJogy—TiKUnologj  Quarterly,  Vol.  X.  Noa.  2,  3. 

tiro.    1897. 
nieal  Engineer*.  IrutiUitinn  oj — Proeee^iinps,  18fl6,  No.  8.     8vo.     1897. 

[inii  ami  Chimroioixl  Society  of  IjOikIou,  lioyul — Medico-Cbirnrg^ical  TranMO 
I     tioDS,  Vol.  LXXX.    8vo.     1897. 
fmn  Oommiuiofn — Report  on  tbe  present  stitte  of  tlie  Navigation  of  the  River 

MarMV,  1896.    By  Sir  O.  8.  Nares.    8vo.     18i*7. 
tmrntogicat  Society,  /iioya{— Qaarterly  Journal,  No.  103.    Svo.     1897. 
Meteorologioal  Record,  No.  64.     8to.     1897. 
IrofwUlaii  AMytum*  /(otrci— Report  for  the  year  1896.    Sto.     1897. 
kreteopieal  Soeiely,  Royal — Jounml.  1897,  Parts  4.  5.    8vo. 
nlpaiUar.  AeanUmU  de»  SeienoM  U  LeUren—UimoiKt,  2*  S^r.  Tome  II.  Nos.  2  -4. 
I  iv&    189»-««. 
'ptiek,  JZoyoJ  StMoriiut  Aaademg  of  ^nmwiet— Sitzungsberichte,  1897,  Heft  2. 

»vo.     1897. 
}liU«l  Auaeiaiititk — Proeeodings  for  1897.    8ro. 
■y  Liagua — Navy  Leoi^e  Journal  for  Jnly-Oot.  1807.     4to. 
9  Jen*li,  Otoloiiieal  Buroey  o/— Annunl  Report  for  IS96.     Svo.     1897. 
IP  S(mth   Wnht,  Agenl-Genrai  for — Wealth  Progress  of  New  South   Wales, 

1895-!^0.  Vol.  I.  9th  issae.    Svo.     1897. 
m  SaiUh  Wale4,  Royal  Society  o/— Journal  and  Proceedings,  Vol.  XXX.    8vo. 

1897. 
IV  ZroJand,  Begittrar-Otnerai  of — Report  on  the  Results  of  a  Oenras  of  the 
I    Colony  of  Nuw  Zealand  taken  oo  April  12,  1896.     By  E.  J.  Von  Oadclscea. 
I    4to.     1897. 

■Hulta  of  a  0«nstia  of  the  Colony  of  Now  Zealand  taken  in  1896.     fol.     1897. 
mfoUi  and  Noneieh  NataraUOa'  Society — Transactions,  Vol.  VI.  Part  3.    Svo. 
riB97. 
btt  of  England  Jiutilute  of  Miniitg  and  Mechanieal  £rmin««rt— Transactions, 

VoL  XLVl.  Parts  4,  5.    8v«.     1897. 
Inonal  Report.  1896-97.    Svo.     1897. 

tie  Mete^— NnmiitiDatic  Chronicle,  1897,  Parts  2,  3.     8vo. 
mlaloi;ioeU  Soeitiy  of  Great  Britain— TmuaetioDa,  Vol.  XXIX,  No.  8.    8ro. 

I8S7. 

m.  Prof.  Dr.  B.  ifumerZifvjfc— Communications  from  the  riiyslcal  laboratory 
:  It  the  Unlvenity  of  Leiden.  Noe.  32.  31,  35,  87-40.     Svo.     1897. 
Vfa,  Soei/I^  Frnm^aite  de  P/<y«i9u«— Bnllotin,  Noa.  100,  101.     Svo.     1897. 
1897.  Fhsc  1,     8vo. 
\timl  Sii^ty  f/  Great  BHlain — Jonrual  for  July-Oct.  1897.    Svo. 


Itmrmgikit)  Sooitiy  of  Great  Britain,  Royal — Thti  Photograpbio  Journal  for 

ftOf-aipt.  1897.    Svo. 

liipaf  AeMy  of  London— Pneoodings.  Vol.  XV,  Psrts  7-10.    Svo.     1897. 
mutand,  Agtmt-Oemrtd  for — The  Work  and  Weultb  of  Qut.^eDsland.    Svo. 

I8W. 
Iir<s,  Jrnae:,  Kiq.  D.Se.  F.R.S.  (iXe  Authnr)—X  iiclcotion  of  Photographs  of 

Star*,  t>tir-CIu«t<r8  and  Nebulu,  fngeiher  with  infnrmatimi  concominE  ibe 

loatniOMsDls  and  the  methods  employed  in  tlio  pursuit  of  Celestial  plioto- 

l^pby.     410.     1893. 
Atekemmt,  Ixt  SocUle  dt»  Amit  (let  Seieneet  et  Arts — Bulletin,  Tome  VI.  No.  5. 

8fDw    1896. 
Bi^  MMitrw  of  PMie  TTm-Ks- Cr iomale  del  Genio  Civile,  1897.  Posa  4-6. 

An.;  r:     ■  fi.l. 

i  ( -  irfiron*  of  ICiuflitnd — Calendar  for  1897.    Svo. 

I  Zi,.,,.  , .,,..., i/  SyfiWu— Journal,  Vol.  XXI.  Part  1.    Svo.    1807. 

J    IriMft    Affoiltrmy — I'nxiwxling*.   3rd    Scries,    Vol.    IV.   Nos.   2, 

11197. 


Svo. 
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Jioyal  Sorieiu  of  LonAm— Record  of  ihe  RoTal  Society.    8to.     1897. 

I'hiloaophKMl    Tr»n«cHorw,    VoL    CLXXXVIIL    B,    No*.    Uft-H9:   VoL! 
CLXXXIX.  A,  NmL  197-20G.     4trt.     18W. 

Proceetlii)?".  Nn«.  3-5-a7ft,     1897.    8to. 
SanUaty  Iu:-t  ■  •         ;  "  t  July-(Xt.  1897.    Sro, 

AuBon  Sori^l  111 — 

Maihemaiic  ,,-.  ,.;^,r.„^  i.ltate — 

Iferichtc,  18'J7,'  Xo.  3.     8to.     1897. 
PhiUiix/itfh-Uitloriiehe  Claue — 

Abhanillutigrii.  liond  XVII  No.  R     8vo.     1897. 
Sdbome  Sixrie/y— Nature  Nate«  for  July-OcU  1S97.     8»o. 
BItMrbom,  C.  B.  Eiq.  F.G.S.  F.L.S.  (/A«  Author)— Vooka  of  Reference  in 
Natural  SciCTicea     8vo.     ]8it4. 
Explaniitlon  of  the  Atlaa  adopted  for  Preparing  on  Index  Genenim  et  Speai 
rnm  AnioiHliam.     8vo.     181)6. 
Smiiluii'nian  Institution  (Durrau  of  Elhi><Jogy) — FoarteenUi    Annnal  Beportt 
ParU  1,  2;  Fifteenth  Annual  Report     8vo.     1897- 
Report  of  Bo&rd  of  RegreDto.  1 8d4-95.    8m     1 896. 
Memoir  of  O.  B.  Goodc,  lS5l-i><;     By  S.  P.  L^ngJey.    8vxj.     1897. 
Annnid  Reports  of  U.S.  N»Uotial  Museum  for  1893  and  1894.    8vo.    1895-tij 
Boriety  of  Artt — Journal  for  July-Oct.  1897.    8to. 

Report  of  the  ProreiMlinsfs  of  tlit>  Fourtli  Mit-ting  of  tlio  Intemktlonal  Congrw* 
on  Technical  Edticalinn  held  in  Lonilna,  Juno  1897.    8vo.     1897. 
Statittical  Society,  Aoyot— Journal,  Vol.  LX.  Paris  2,  3.     6to.     181>7. 
St.  BarlMdUmet/i  /iM/it^jl— SiutisticcJ  Tables  for  I89&    8vo.     1897- 
SiPfdiih  Aearlemy  of  beienee*.  Royal — fifvorsi^  (BulUtin),  Vol.  LIIL   8va  U' 
Hnndliujrar(Me'nioirr8),  Vol  XXVIII.     4to.     1895-9«i. 
Bihang,  Vol.  XXII.    8vo.     1890-97. 
Taeehini,  Prof.  P.  Htm.  Mem.  ll.I  (Ihe  jImMot)— Memoiie  della  Society  ilegli 

Spettroaoopieti  Ittiiiani.  Vol.  XXVI.  Dbp.  4-8.  4to.  1897. 
reyJ<»  Jtfmettm— Arch  ivea.  Strict  L  Vol  V.  Part  3.  8vo.  1897. 
Toultmtt,  Soeiete  Arrhiologinue  du  Midi  de  la  France — Memuim,  Tome  XT^ 

Livr.  2.    4lo.     1896. 
United  Service  Jiutitulion,  Royal — Joun  »1  f  ir  Jnly-Oct  1897.    8ro. 
UHtted  Statet  Depnrtnttnt  of  Agrictillure — Exporiuient  Station  ReoorJ.  Vo).  VI 
Noa.  8-11;  Vol.  IX.  No.  1.    8vo.     1897. 
Yew  Book,  1896.    8vo.     1897. 
United  StaU*  Patent  0^c«— OflBoiol  Gazette,  Vol.  LXXIX.  Nos.  7-lS:  Vol 
LXXX.  No.  1.    8ro.    1897. 
AJphabetiral  List  of  Pntenteea  and  Invpntionii  to  Dec.  l.^OG.     Sto. 
Univertity  of  Lrmdtm — CnleDdar  for  1897-98,  and  Reviticd  Regalationa  fo»  IW"' 

8vo.     1897. 
Vertin  tur  Jieforderung  del  Oeieerhfleittet   in  Preu/uen — VerliaodlullgeD, 

Hefte-lO.    4to. 
ViHoria  rr»(i7u<«— Journal  of  the  Trunnction«,  VoL  XXIX  Nai.  113,  IH- 

1897. 
Vienna,  Geologieal  TnUitute,  Imperial — Jahrbuch,  Band  XLVl.  Hefl  3.4; 

XLVII.  Heft  1.     8vo.     1897. 
WaUer,  Prtftuor  A.  D.  M.D.  F.R.S.  .V.R.I,  (the  iltj/ftor>— Lectuna  on  Phyaolrgji 

First  Seriea.  on  Animal  Elt^etncity.     8vo.     1897. 
Zoologieal  Soeiely  uf  London— ProoeedingB,  1897,  Parts  2,  3.    8fo. 
List  of  Fellows,  1897.     8»o. 
Trangactions,  Vol.  XIV.  Part  4.    4to.     1897. 
Zurich,  Naturfortchende  GweJbcAa/<— Vierteljahrssclirift,  1897,  Hifl  2.    Svo. 


I 


General  Mmithly  Mfielimj. 


517 


GBNEBAL  MONTHLY  MEETING, 

Monday,  December  G^  1897. 

Jakxs  Crichton-Bbowmb,  M.D.  LL.D.  F.K.S.  Treasurer  and 
Vice-President,  in  the  Chair. 

The  Hon.  Herbert  Mills  Birdwood,  C.S.I.  M.A.  LL.D. 

Major  John  Leslie,  B.A. 

Captain  Henry  George  Lyons,  B.E.  F.G.S. 

Cecil  Powncy,  Esq, 

^elected  Members  of  the  Boyal  Institation. 

be  Special  Thanks  of  the  Members  were  retnmed  to  Profussor 
9war,  LL.D.  F.K.S.  for  his  present  of  a  Portrait  of  Mr.  Benjamin 
rincent,  Honorary  Librarian  of  the  Boyal  Institution. 

The  following  Lecture  arrangements  were  announced  : — 

PiomsoB  Outer   Lodge,  D.So.  LL.D.  F.R.S.   Profesoor  of  Phydes  in 
oiToTBity  College,  Liverfiool.    Six  Lectures  (adapted  to  a  Juvenile  Auditory) 
Tax   PBiscirLKs  of  tub  Elbctrio  Teleokafu.     On  Doo.  28  {T\uttday\ 
9,  1897;  .Tun.  1,4,  6,  8,  1898. 

rxHOB  E.  Ray   Lanebsteb,  M.A.  LL.D.  F.B.S.     Eleven  Leoturos  on 
itMrt.E8T  LtviHO  Tbixor.    On  Tvetdayt,  Jan.  18,  25,  Feb.  1,  8,  15,  22, 
imh  I,  8.  15.  22,  29. 

srcRson    Dfwaii.  MA.    LL.D.    F.R.S.    M.R.I.    Fullerian   Professor  of 
B  I.    Three  Leotnrca  on  Thb  Haloouk  Gbout  op  Elehents.     On 
»y<,  Jan.  20.  27,  Feb.  3. 

Pacl  Richtxb,  Esq.  Ph.D.  M.Jt.T.    Three  Lecturos  on  Some  Italian 
AT  THB  National  Gallery.    Qq  Thuridays,  Feb.  10,  17,  21. 

PaormoR  J.  A.  Flevtmg.  M.A.  D.So.  F.R.S.  M.n.I.  ProfesBor  of  Electrical 
BgiBMiJog    in    University    College,    London.      Five    Lectures    on    Keceitt 
DHBB  Hi  MAQirmsii  AND  DiAMAONETiBM.    Oo  T%uT$dat/i,  March  3,  10, 

^a*,3i. 

PaoviMOB    Patbicx    Geddes,    F.R.S.E.    Professor  of    Botany,   University 
Dundee.    Three   Lectoros  on  Ctpbds.    On   Saturdayi,   Jan.  22,  29, 

WUJ.UM  HEXRt  Hadow,  Esq.  M.A.  B.Mus.  Fellow  of  Worcester  CoUaget 
Throe  IxictUTCa  on  Tiiu  Stecctiire  of  Instrcxektal  Mcsio  (with 
Illustrations).     On  Salurtlayt,  Feb.  12,  19,  26. 

uk  Walteb  Raleigh,  MA.     Three  Lectures  on  English  LxTTEa- 
Oo  Sittarduy$,  March  5,  12,  19. 

LioxEi.  Cc»T,  Eaq.  M.A.  F.S.A.  Director  of  the  National  Portrait  Gallery. 
r»o  L«riiirr«on  Pobtbai?«  as  Historical  Doclmbmts;  Portraits  as  Mow* 
rs.     Oil  Sitturdayt,  March  26,  April  2. 
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The  PoESEMTS  roceivod  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  Ti2.  :— 

TOR 

Aeeadetnia  dm  Lineei,  Beale,  Itoma — Cluieo  di  Bcieoze  Fisicho,  Motematiche  s 

Katunli.    Atti, Serie  Quinta :  Remiiconti.    2"  ScniMtre,  Vol.  VI.  Fa«.  *, 9. 

Clawe  di  8cfea«e  Blonvli,  Ac.    Srj-ie  Quint*,  Vol.  VI.  Fmc.  7,  8.    Svn.   IW. 
Atnrrioan  Aefidemy  of  Artt  and  Seuneer — Proceediogg,  New  Series,  Vol.  XXIl. 

Nos-IG,  17;  Vol.  XXIII.  Ni«.  1-4.    8to.     1897. 
American  G«ographioal  Socitty — ItuUttin,  Vol.  XXIX.  Nn.  S.     8ro.     1897. 
American  Fkilotophieal  Society — Proceeding  No».  loS,  15.1,     8vo.     1896-97. 
AMtronomieal  Society,  hoyal — Mrttitbly  Nouoes,  VoL  LVII.  No.  9.    Sro,    1897. 
Boid,  NaturfuTtdimde  GoteUKAoyil— Verhaudlan^n,  Bivnd  XL.  Uift  3.    Svs. 

1897. 
Batapta,    Magnetieal    and    Mdtorotogiful    Obtervatiiru — Wind    and    WeaU>«r, 

Currents,  Tides  ftnd  Tidal  Streania  is  the  East  Indiau  Aichipela^o.    D; 

J.  P.  Van  der  Stok.    4to.     1897. 
Bdgium,  Royal  Academy  of  Sdeneet,  Letter$  and  Fine  Art* — ^Annuairea,  1896-97. 

8vo. 
Notices  Bio^raphiquea  et  Bibliographiques  oonoemant  let  Membrec,  etc.  i' iL, 

8vo.    1897. 
Memuirea  CouronnM,  Tomes  XLVIII.  (Part  1)  XLIX.  L.  (Part  2)  LIIL  UT.] 

8vo.     1895-96. 
Bullitins,  Tomea  XXX.-XXXIII.    8vo.    l8!)&-97. 
Ik-^'k'ueiiU.    8to.     18%. 

Meinoiret  oour.  et  det  cavant)  e'trang.,  Tome  LIV.    4to.     18^. 
Bitehoff'iheim,  B.  L.  Ev/.  {the  Founder) — Auuales  de  rObaervatoin  de  Vxt, 

Tome  VI.    4to.     1897. 
BoitonPttWic  Liftrorj/— Monthly  Bnlletin,  Vol.  IL  No.  11.     8to.     1897. 
BoitoH  Society  of  Xatural  Uitlnry—Pwccadwgi,  Vol.  XXVIIL  Soi  1-5.    S»* 

1897. 
British  ArchUeeti,  Boyal  Intlilvte  o/— Jonroal,  3rd  Series,  Vol.  V.  Koa  1,  i 

4to.     1897. 
Britith  Aftrono^nieal  Auociation — Journal,  Vol.  VIII.  No.  1.     Svn.    1897. 
Buenoi  Ayret,  Mnteo  Nacitmal — Memoria  p.  lt(94-£K).    8vo.     1897. 

AnnaiM,  Tome  V.    8to.     189G-97. 
Cambridge  Philotophieal  5oc«f/j;— TraneactioDB,  VoL  XVL  Part  2.    4lo.    1837. 

I'roceedinps,  Vol.  IX.  Pait  6,    8vo.     1897. 
Cnmera  C/uA— .lounml  for  Nov.  181>7,    8vo. 
CiinadcL,  Royal  Society — Froc<icdiiig«  aud   Transaetions,  2ad   Series,  Vc4.  Itkj 

8vo.     189C. 
Canniitaro,  ProfeMor  Stauitlit  (Uie  Avlhor) — Scritti  intomo  alia  Teoria  Mnl*- 

colure  ed  A  toinica  ed  nlla  Nntarione  chimica.    Piibblicati  nel  70  AnniTciaaiB 

dellii  »«ti  Nascita.    (13  July,  1896.)    8vo.     1896. 
Chemical  Indwtlry,  Society  o/— journal,  Vol.  XVI.  No.  10.     Sco.     1897. 
Chemical  *'oei>ty— Journal  for  Nov.  1897.    8vo. 

ProoeedinK's.  No.  183.     8vo.     18'.t7. 
Chicago,  John  Crerar  Lifrrnry— Annual  Reports,  1895-96.    8vo.     1897. 
Ci'/y  o/ Lon<ion  CWZego— Calendar,  1897-98.    8to,     1897. 
C/iH<oiZSoctc.<y— Trannactiona,  Vol.  XXX.     8va    1897. 
Criieovie,  VAcadihnie  de*  Scieneet — Bulletin,  1897.  No.  8,     8vo. 
Crawford  and  BaUarret,  Tttc  Eari  of  K.T.  M.R.I.—hisl  of  MS8.  Printed  Booki 

and  Ez'impk-a  of  fionkbiuding:  exliiliite<l  to  the  Amrrieon  Lilirariam  oo  U^ 

occa«ion  of  ttntir  visit  to  Haigh  HaII  during  tiie  Second  LntematioD*!  Lilii*'^ 

Conference.    8vo.     1897- 
Editort — American  Jnumal  of  Science  for  Nor.  1897.    8vo. 
Analyst  fur  Nov.  1897.    8to. 

Anthony's  Photographic  Bulletin  for  Nov,  1897.    8vo, 
Atln'na.'um  for  Nov.  1897.    4to. 
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F4br  Wmr.  1807.    8»o. 

«'  Jnnmal  for  Nov.  1897.    8to. 

Icul  News  for  Nov.  1897.     4ta 

iat  ftnJ  nruggiBt  for  Not.  1897.    8vo. 

ticin  for  Nov.  18»7. 

ic&l  EagioMr  for  Nov.  1897.    fol. 

ical  Bngiaeerlng  for  Nov.  1897.    8ro.  * 

ie&\  Review  for  Nov.  1897.    8va 

icity  for  Nov.  1897.    8vo. 

eer  for  Nov.  1897.    fol. 

Gring  for  Nov,  1897.     fol. 
sthic  Revier  for  Nov.  1897.     8va 
ogieal  Jnuriml  for  Nov.  1897.    8vo. 
biM  and  Iron  for  Nov.  1897.    fol. 
dmi  for  Nov.  1897. 

B1  of  Phvuirnl  riipmietry  for  Nov.  1897. 
t)  of  Slate  Medioinp  for  Nov.  1897.     8vo. 
Fonnul  for  Nov.  1897.    8vo. 
Biag  for  Nov.  1897.    8vo. 

B  Tochnioal  Edunition  Gnzetto  for  Nov,  1897.    8vo. 
^y  UiH-kct  for  Nov.  1897.    8vo. 
«  for  Nov.  1897.    4to. 
Church  BIftgazino  for  Nov.  1897.    8vo. 
9  Cimcnto  f.»r  Oct.  18'.J7.    8vo. 
Dtraphio  News  for  Nov.  1897.    8vo. 
tel  Rovifw  for  Oct  1897.     8vo. 
S  Health  Engineer  for  Nov.  1897.    8vo. 
oe  Siflinga  for  Nov.  1897. 
.1  for  Nov.  1897.    8vo. 
Btrinl  SI.i;;notism  for  Pept,  1897.    8vo. 
cal  ARricullurist  for  Nov,  1897. 
ulial  for  Nov.  1897.    4to. 
iumhim  itiucmit,  Chicago  —Second  Annual  Exchange  Catalogoo,  1897-98. 

^^Hp  on  a  Oolleotion  of  Papuan  Omnia.    By  G.  A.  Dorsoy.    8vo.    1897. 

WStStitttM  NationaU  OiUrale—^oWeAiiio,  Nog.  284,  285.    8vo.     1897. 

I  7iuf;(«(«— Journnl  for  Nov.  1897.    8vo. 

.Sorieiv  de  I'hytiijiie  et  tPUiitoire  Natnrdie—ileoioirci,  Tomo  XXXIL 

ft  2.    -Ito.     lH9t}-97. 

tkimt  Sorielg,  Riiynl — Goo(>;Taphical  Journal  for  Nov.  1897.    8vo. 

17:     •  fv,  iJof/aZ-Jouninl.  Vol.  XXr.  Part  1.     8vo.     1897. 

r  //(e.-iutAorl— Die(rf>ld-Verrichtuii[»on.    8vo.     1897. 

."-.         L.     iUory  of  Salaral  Hut/^ry'~Uu\Uihi,\nllW.     8vo.     1897. 

/  hfiitiitr  —  Imperial  Institute  .lournal  for  Nov.  1897. 

Inpl.in*  Diiirrriily — Americun  Chemical  Juuninl,  Vol.  XIX.  No.  9.     8vo. 

W.  L.  Eiq.  M.tt.T.  F.It.OS.  (th«  Author)— Tim  Ocean:    A  trealigo  on 
kn  Curr(^nt«  and  Tides  and  their  causos,  demonstrating  tho  gyatoni  ol  tliu 
Id.     2ud  ed.     8to.     ItiHTy. 
jRxirfj/— Joiininl,  Noa.  188,  229.     8vo.     1897. 
idinga.  Nov.  1890  tu  June  1897.    8vo.     1897. 
fot*mmenl  IfuMum— AdininiHtmtion  Ri-port  for  1890-97.     fol. 
tal  lifujinrtr*,  Intlitution  »/— Prx-wilines.  1896,  No.  4.    8vo.     1897. 
mrnl  SiiriHij,  Tloyal — '^iiarU-rly  Jonrnaf  for  Oct.  1897,      8vi>. 
Navy  LoBKue  Journnl  for  Nov.  IS!?.     8vo. 
•mi/'rt/^ViVm-M— Annali',  Vol.  IX.  No«.  C-12.     8vo.    1897. 
**«><>///— Trannaclions.  Vol.  XXX.  No.  I.     Hvo.     1897, 
Pmnrui»i!derhijni]ue—UMlMin,Hu.l(a.    8vo.     1897. 
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PkarmaeeiUieal  Soeietg  ofGrtat  BriiaiM — Joanul  for  Nor.  1897.    Sro. 
PkUUp*,  Ckarle$  E.  8.  Eiq.  MJR.L  ((ke  GoRKpOer)— Kbliographr  of  X-Ba;  Lite- 
ratuie  and  Beeeareh,  1896-97,  with  Hutorical  Betraqiect  and  Fnotml 
Binta.    8vo.     1897. 
Pkatografhie  Soeidy,  /loyal— Photognidiio  Journal  for  Oct  1897.    Sro. 
i^ynoalSoeietyo/Xofidoit— Pioc6edii>g8,yoLXy.  Partll.    Sra    1897. 
£oyaI  Society  o/Xondon— Philoaophical  Tranaaotkaia,  Ser.  B.  YoL  GLX2UCIX. 
■      No.  150.     4to.    1897. 
Prooeeding^  No.  380.    Sro.    1897. 
Baxon  Boeiety  of  Beieneet,  BoycX — 
MaUumatinh'PhytUtiie  (3ai$e — 
Abhandlnngen,  Band  XXIV.  No.  1.    8to.    1897. 
BelborHe  Boeiety— tfntate  Notes  for  Not.  1897.    Sro. 

Boeiety  of  Antiquarif—FiooeediDgB,  2nd  Seriei,  YoL  XYL  Not.  3,  4.    8ia 
1896-97. 
AddreM  (tf  Sir  A.  W.  Franks,  April  23, 1897.    8Ta    1897. 
Boeiety  of  Artt—Jamoal  for  Nov.  1897.    8to. 
Tacehiai,  Prof  P.  Eon.  Mem.  R.I.  (th«  iluMor)— Memorie  deUa  Sooieft  dtfi 

Spettrosoopisti  Italian!,  Vol.  XXVL  Disp.  9.    foL    1897. 
United  Berviee  IniHtution,  Boyal — Jonmal  for  Not.  1897.    8Ta 
United  Btatea  Department  of  ^^rteuUiir*— Experiment  Statkm  Beood,  Vol.  IX. 
No.  2.    8to.     1897. 
Experiment  Station  Bulletin,  Nos.  43,  44.    8to.    1897. 
North  American  Fanna,  No.  13.    8to.    1897. 
United  Blata  Patent  O^fee— Official  Oaiette,  YoL  T.TTT    No&  4-lS;  T<L 

LXXXI.  Nos.  1,  2.    8vo.    1897. 
Fietoria  iiMMtito— Jonmal  of  the  TranntctionB,  No.  115.    Sra    1897. 
Whilmrtk,  The  Rev.  W.  A.  M.A.  M.RJ.—li 00  Exeiaiae^  ineloding  Hinti  fv 
the  Solntion  of  all  the  Qnestions  in  '  Choice  and  Chance.'    8tol    1897. 
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WEEKLY  EVENING   MEETING, 

Friday,  May  21,  1897. 

Sib  Edward  Frankland,  K.C.B.  D.O.L.  LL.D.  F.E,S. 
ViovPresident,  in  the  Cliair. 

Tm  Right  Hok.  Lord  Kelvw,  G.O.V.O.  D.C.L.  LL.Tt.Y.KS. M.B.I. 


» 


Contact  Eleclricity  of  MetaU. 

§  1.  Without  preface  two  95  years  old  experiments  of  Volta's  were, 
one  of  them  shown,  and  the  other  described.  The  apparatus  asod 
oonsists  of :  (a)  a  Voltn-condenser  of  two  varniBhod  brass  plates,  of 
which  the  lower  plate  is  insulated  in  conDection  with  the  gold  leaves 
of  a  gold  loaf  electroscope,  and  the  upper  plato  is  connected  by  a 
flexible  wire  with  the  sole  plate  of  the  inetniment ;  (b)  two  circular 
discs,  one  of  copper  and  the  other  of  zinc,  each  polished  and  UBTarnished. 
I  hold  one  in  my  right  band  by  a 
Tarnished  glass  stem  attached  to  it, 
while  on  my  left  hand  I  bold  the 
other,  which  is  kept  metallically  con- 
tiected  with  the  sole  plate  of  the 
dectroscope  by  a  thin  flexible  wire. 
To  commence  the  experiment  I 
plaoe  one  disc  resting  on  the  other, 
and  lift  the  two  till  the  upper  touches 
a  brass  knob  connected  by  a  stiff 
metal  wire  with  the  lower  plate  of 
the  Volta  condenser.  I  break  this 
contact  and  then  lift  the  upper  plate 
of  the  condenser ;  you  see  no  diver- 
gence of  the  gold  leaves.  I'his 
proTca  that  no  disturbing  electric 
tnfluenoe  sufficient  to  show  any  per- 
ceptible effect  on  our  gold  loaf 
elecirofloope  is  present.  Now  I  re- 
peat   what    I    did,    with    only   this 

change — I  hold  the  lower  disc  with  the  upper  disc  resting  on  it  two  or 
three  centimetres  below  the  knob.  I  then  with  my  right  hand  lift 
the  upper  plate  of  the  Volta-condensor  ;  you  see  a  very  slight  divorg- 
eaee  between  the  shadows  of  the  gold  loaves  on  the  screen.  I  can  just 
■ee  it  bj  looking  direct  at  the  leaves  from  a  distance  of  about  half 
a  i&etre.  Still  holding  the  lower  pinto  firmly  in  my  left  hand  in 
the  Muoe  position,  and  holding  the  upper  plate  by  the  top  of  its 
gI«M  stem  in  my  right,  at  first  resting  on  the  lower  plate  I  lift  it  and 
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let  it  down  Tery  np'idlj  k  hundred  times,  bo  aa  (o  prodooe  one  hun- 
dred cycles  of  operation — break  contact  between  discs,  ttttke  uul 
break  contact  betvreen  upper  disc  and  knob,  make  contact  between 
difieSk  Lastly,  1  lift  the  upper  plate  of  the  ermdenser ;  yon  see  now  « 
great  diTergenee  of  the  gold  leaves,  many  of  yon  can  toe  it  dirvct  on 
Uie  leaves,  while  all  of  yoa  can  see  it  by  their  shadows  on  the  ecrcvn. 
Now,  keeping  the  upper  plate  of  the  condenser  still  nnitiuved,  I  bring 
a  stick  of  rubbed  sealing-wax  into  the  neighboarhood  of  the  electro- 
scope ;  yon  see  the  divergence  of  the  leaves  is  increased.  I  remon 
the  sealiog-wax  and  the  divergence  dimioisbes  to  what  it  was  before. 
This  proves  that  the  gold  leaves  diverge  in  virtue  of  resinoos  cloih 
tricity  upon  tbcm,  and  therefore  that  the  insnlated  plate  of  tlui 
condenser  received  resinoos  electricity  from  the  o<.>pper  disc.  If  notf 
I  interchange  the  two  discs  so  that  the  upper  is  zinc  and  the  lower 
copper,  and  repeat  the  experiment,  yon  see  that  the  rubbed  seaJing- 
nax  diminishes  tho  divergence  aa  it  is  brought  from  a  distance  into 
the  neighbourhood^  and  tbat  a  glass  rod  rubbed  with  silk  increuM 
the  divergence.  Hence  we  conclude  tbat  in  the  separation  of  tvo 
discs  of  copper  and  zinc  the  copper  carries  away  resinous  eleotrieitjr 
aud  tho  zinc  vitreous  electricity. 

§  2.  Experiment  2. — The  same  apparatus  as  in  Experiment  1, 
except  tbat  tho  polished  zino  and  copper  discs  have  their  oppo«od 
faces  varnished  with  shellac,  and  are  provided  with  wires  eijlderod  to 
them  for  making  metallic  connection  between  them  when  the  npjwr 
rests  on  the  lower,  as  shown  in  Fig.  2.  All  operations  are  tho  sane 
as  in  Experiment  1,  but  now  wiUi  this  addition — when  the  nppor 
disc  rests  on  the  lower,  make  and  break  metallic  contact  by  hiuid  u 
shown  in  the  diagraco.  The  results  are  tho  same  a^  those  nf  Espen- 
mont  1,  except  that  the  quantity  of  electrificati<in  given  to  the  gold 
leaves  by  a  single  cycle  of  operations  is  generally  greater  iban  in 
Experiment  1,  for  this  reason :  In  Experiment  1  at  the  instant  of 
breaking  contact  between  the  eiuc  and  copper  there  is  generally  fom* 
degree  of  inclination  between  the  two  discs,  while  at  the  o  >rrcspendiiig 
iuetant  of  Experiment  2  they  are  parallel  aud  only  separated  by  llw 
iufinlating  coats  of  varnish.  If  great  care  is  takon  to  keep  tlM 
difics  as  nearly  as  possible  parallel  at  tho  instant  of  separation,  the 
effect  of  a  single  separation  may  be  made  greater  in  Experiment  1 
than  in  Experiment  2  (see  §  3  below). 

§  3.  An  instructive  variation  of  Experiment  1  may  be  made  bj 
giving  a  large  inclination,  6%  or  10",  or  20°,  of  tho  up]>er  plate  to 
the  lower,  while  still  in  contact  and  at  tho  instant  of  separation.  B/ 
0|)eratiug  thus  tho  experiment  may  be  made  to  fail  so  nearly  coin* 
plutely  that  no  divergence  of  the  leaves  will  bo  observed  even  tfto 
ono  hundred  cycles. 

§  4.  These  two  experiments,  with  tho  variation  described  in  j  S. 
put  it  beyond  all  doubt  that  Volta's  electromotive  force  of  oonUet 
between  two  dissimilar  metals  is  a  true  discovery.  It  seems  to  L»»o 
been  made  by  him  about  the  year  1801  ;  at  all  events  be  exhtbit^'d 
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kxperiments,  proving  it  in  that  year  to  a  Oommission  of  the 
cb  Institute  (Academy  of  Sciences).  It  is  quite  morvellonB  that 
andamental  experiment  (§  1  above),  simple,  easy  and  soro  as  it 
is  not  generally  shon-n  in  courses  of  lectnrea  on  electricity  to 
ints,  and  has  not  been  even  mentioned  or  referred  to  in  any 
isb  text-book  later  than  1845,  or  at  all  events  not  in  any  one 
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nnmbor  iu  which  I  have  looked  for  it,  except  ia  tho  '  Elo- 

.Treatise  on  Electricity  and  Magnetism,'  founded  on  Joubcrt'a 

ile  filomentaire  d' Electricity,'  by  Foster  and  Atkinson,  189G 
30)-  The  only  uthor  places  in  which  I  have  seen  it  described 
16  English  laugUBgo  are  Roget's  article  in  tho  '  Encyclojiasdiu 
opolitana'  referred  to  above;  Tail's  '  Recent  Advances  in  Physical 
ice,'  1870  ;  and  Professor  Oliver  L^nlgu'a  most  valuable,  inl^jost- 
tiid  UBcfiil  accuunt  of  all  that  hml  been  done  fur  knowknlgo  of 
kct  electricity  from  its  discovery  by  Volta  till  1884,  iu  his  Report 


F«]l]r  aiwl  clearly  doscribed  in    BoroI's  article  on  "  Qalvaniuu,"  in  the 
irdopasdiA  Motro|ioUtana,'  vol.  iv.  edition  1645,  p.  210. 
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to  tho  British  Assoc&tion  of  that  year,  '  On  tbo  Seat  of  tlie  Electro- 
motive Forces  in  the  Voltaic  Cell.' 

§  5.  The  reaaon  for  this  onmoritod  neglect  of  a  great  discovery 
regarding  properties  of  matter  is  that  it  was  OTershadowed  bj  an 
earlier  and  greater  discovery  of  its  author,  by  which  he  was  led  to 
the  invention  of  tho  voltaic  pile  and  crown  of  cups,  or  voltaic  battery, 
or,  as  it  is  sometimes  called,  the  galvanic  battery.  Knowing,  as  ire 
DOW  know,  both  Volta's  discoveries,  we  may  describe  the  carlia 
most  shortly  by  saying  that  the  simple  experiment  (§  1  above),  de- 
monstrating the  later  discovery,  is  liable  to  fail  if  «  drop  of  w&ter 
is  placed  on  the  lower  of  tho  two  polished  plates.  It  fails  if  (sec 
Fig.  4  below)  the  last  connection  between  the  zinc  and  copj>er,  wton 
the  upper  disc  is  lifted,  is  by  water.  It  would  not  fuil  (see  Fig.  G  below) 
nor  be  sensibly  altered  from  what  is  found  with  tho  dry  polidied 
metals,  if  the  upper  disc  is  slightly  tilted  in  the  lifting,  so  as  to 
break  the  water  arc  before  the  separation  between  tho  metals,  and 
■eonre  that  tho  last  connootion  is  contact  of  dry  metals.  To  sbov 
this  to  you  more  readily  than  by  a  Yolta  condenser  with  gold  leaf 
electroscope,  I  shall  now  use  instead  my  quadrant  olectrometer  with- 
out condenser. 

(1)  Holding  the  copper  disc  connected  with  the  metal  case  of 
the  electrometer  in  one  hand,  with  my  other  hand  I  hold  by  a  glaa 
handle  the  zinc  disc,  which  yon  soe  is  connected  by  a  fine  wire  vritk 
tho  insulated  quitdrants  of  the  electrometer.  I  first  place  the  zioc 
resting  on  the  copper,  both  being  polished  and  dry.  You  now  mo 
the  spot  of  light  at  the  point  marked  O  on  the  scale,  which  I  call 
the  metallic  zero.  I  now  lift  the  zinc  disc  two  or  three  millimetres 
from  resting  on  the  copper,  and  you  see  the  spot  of  light  travelling! 
largely  to  the  right,  which  proves  that  vitreous  electricity  hag  pa^ 
from  the  zinc  disc  through  the  connecting  wire  to  the  insoJaUd 
quadrants  of  the  electrometer.  I  lower  the  zinc  disc  down  to  rert 
again  on  the  copper  disc ;  you  see  tho  spot  of  light  again  comes  back 
to  the  metallic  zero. 

(2)  I  now  raise  the  zinc  disc,  and  with  a  little  piece  of  wet  wood 
(or  a  quill  pen)  place  a  little  mound  of  water  on  tbu  copper  disc,  M 
ehowQ  in  Fig.  3.     I  bring  down  tho  zinc  disc  to  touch  the  top  of  the 


i 


7.] 


OH  Contact  Electricity  o/  Metals. 


525 


le  monnd  of  water,  keeping  it  parallel  to  the  uupper  disc  flo  that 
re  is  no  metallic  contact  between  them  (Fig.  4) ;  you  see  that  the 


Fig.  4. 


i  of  light  moves  to  the  loft  and  settles  at  a  point  marked  E  (which 
dl  the  electrolytic  zero  of  oar  circniTiBtances),  a  fow  Rcalo  divisiona 
be  left  of  the  metallic  zero.  This  motion  and  sottlemcnt  is  the 
plest  modern  exhibition  of  Volta's  greatest  discovery. 
(3)  Now  that  the  spot  of  light  has  settled,  I  lift  the  zinc  diso 
Ullimetre  till  the  water  column  is  broken,  and  then  two  or  three 
kimetres  farther  (Fig.  5);  the  spot  of  light  does  not  move,  it 
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■ins  at  E.  I  lower  the  zinc  disc  again :  still  no  motion  of  the 
i  of  light,  not  even  when  the  2ino  again  toachos  tlio  little  monnd 
IMter. 

(4)  Now  I  tilt  the  zinc  disc  slightly  till  it  makes  a  dry  metallic 
with  the  copper,  as  shown  in  Fig.  6  ;  while  the  water  arc  still 
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remaina  nnbroken.  Yon  see  the  spot  of  light,  at  the  instant  of 
metallic  contact,  enddenly  leaTes  E  and  mores  to  the  right,  and 
Bcttles  qnickly  at  the  metallic  zero  after  a  few  vibratiuDB  thruogli 
diminishing  range. 

(5)  Lastly,  I  break  the  metallio  contact,  and  hold  the  zinc  dis« 
again  parallel  to  the  copper  (Pig.  4)  with  the  water  connection  stiU 
remaining  onbrokon  between  them  ;  the  spot  of  light  ehowB  no  gndtlea 
motion  ;  it  creeps  to  the  left  till,  in  lialf  a  minute  or  three-quaxti'is  of 
a  minute,  it  reaches  its  previous  steady  position  on  the  left  This  is 
the  now  well-known  phenomenon  (never  known  to  Volta)  of  the  re- 
covery of  a  voltaic  cell  from  electrolytio  polarisation  after  a  nieUJlic 
ehort-circait. 

§  6.  The  sncoeesion  of  experiments  described  in  §  5,  interpreted 
according  to  elementary  electrostatic  law,  proves  the  following  con- 
clusions : — 

(1)  When  the  dry  and  polished  discs  of  zinc  and  copper  ue 
metallically  connected  and  held  parallel,  their  opposed  faces  tn 
oppositely  electrified,  the  zinc  with  vitreous  electricity,  and  the  copper 
with  resinous  electricity,  in  quantities  varying  inversely  as  the 
distance  between  thorn  when  this  is  small  in  comparison  with  tliA 
diameter  of  each.  ^H 

(2)  The  opposed  polished  faces  are  non-electrified  when  poli8hM|H 
portions  of  the  zinc  and  copper  surfaces  are  connected  by  water,  had 
when  there  is  no  motallio  connection  between  them.  Or,  if  not 
absolutely  &ee  from  electrification,  they  may  be  fonnd  slightly  eleo- 
trified,  ziuo  rosinously  or  vitreously,  and  copjjcr  vitreonsly  or  rad- 
nously,  according  to  diflbrences  in  respect  t<:)  cleanness,  polish,  or 
ecratching  or  burnishing,  as  explained  in  S  16  bolow;  and  according 

to  polarisational  or  other  difierenoe  in  the  wetted  portions  of  tbs 
surfaces. 

If  instead  of  pure  wat^r  we  take  a  weak  solution  of  common  stil, 
or  carbonate  of  soda,  or  sulphate  of  zinc  or  ammonia,  we  find  resnlts 
but  little  afifcctod  by  the  differences  of  tlio  liquids. 

§  7,  But  if  the  polished  surface  of  either  the  copper  or  the  tine  a 
oxidised,  or  tarnished  in  any  way,  notably  ditfercnt  results  are  foand 
when  the  experiments  of  §  5  are  repeated  with  the  disc  or  discs  thus 
altered. 

For  example,  hold  the  copper  disc,  with  its  polished  side  np,  owr 
a  slab  of  hot  iron,  or  a  spirit  lamp,  or  a  Bunsen  burner,  till  you  s«o  a 
l>erccptible  change  of  colonr,  duo  to  oxidation  of  the  previously  poUslial 
face.  Then  allow  the  ecppor  to  cool,  and  ropolish  a  small  aro»  mat 
one  edge  ;  place  a  little  niuund  of  water  upon  this  arou,  and  operatcM 
in  §5  (2),  (3),  The  water  connection  between  polished  zinc  and 
polished  copper  brings  the  spot  of  light  to  the  same  electrolytic  zew 
E  as  before.  But  now,  when  we  lift  the  zinc  disc  and  break  the  water 
coniiech'oD,  the  spot  of  light  movos  to  the  right,  instead  of  remainixig 
steady  as  it  does  when  both  the  dry  opposed  sorfaoes  are  polished.  If 
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next  we  tarnish  the  zinc  disc  by  heat,  as  we  did  for  the  copper  disc, 
^^d  repeat  the  experiment  with  wbollj  polished  copper,  and  with  the 
^kno  disc  oxidised  whoro  dry,  and  polisbod  only  where  wet  by  the 
Birater  counoction,  we  find  dtill  the  same  electrolytic  zero  E ;  but  now 
Vttie  8pot  of  light  moves  to  the  left  when  wo  lift  the  zinc  diso  and 
break  the  water  connection. 

§  8.  The  experiments  of  §  7,  interpreted  in  connection  with  those 

of  §  5,  prove  that  there  are  dry  contact  voltaic  actions  between  motallio 

copper  and  oxide  of  copper  in  contact  with  it,  and  between  metallio 

line  and  oxide  of  zinc  in  contact  with  it ;  according  to  which,  dry 

oxide  of  copper  ia  resinoiis  to  copper  in  contact  with  it,  and  dry  oxide 

of  zinc  is  resioons  to  zinc  in  contact  with  it,  just  ns  copper  is  resinous 

to  zinc  in  contact  with  it.     We  may  verify  this  conclusion  by  another 

liutcresting  experiment.      Taking,  for  instance,  the  oxidised  copper 

I  plate,  with  a  little  area  polished  for  contacts;  put  a  little  mound  of 

copper,  instead  of  the  mound  of  water,  on  this  area  for  contact  with  the 

plate ;  and  for  the  uppfir  plate  take  polished  copper  instead  of 

lied  zinc.     If  wo  operate  now  as  in  §  7,  the  spot  of  light  settles  at 

metallic  zero  O  when  the  metallic  contact  ia  made,  instead  of  at 

tslnclrolytic  zero  E,  as  it  did  when  we  had  water  connection  be- 

jtwcen  zinc  and  copper.     Bat  now,  jnst  as  in  §  7,  tho  spot  of  light 

ImuTos  to  the  right  when  the  contact  is  broken  aud  the  upper  plate 

[lifted,  which  proves  that  vitreous  oloctricity  flows  into  the  electro- 

llMler  from  the  nppcr  plate,  when  its  distance  from  the  lonrer  plato  is 

tOGZeoaed  after  breaking  tlie  metallic  contact.    We  conclude  that  when 

the  two  plates  wore  parallel,  and  very  near  one  another,  aud  when  there 

WM  metallic  connection  between  them,  vitreous  and  resinous  eleo* 

^tridties  were  induced  upon  tho  opposed  surfaces  of  metallic  copper 

^^UHid  oxidised  copper  respectively,     Tliis  statement,  which  we  know 

^from  §  7  t4]  be  also  true  for  zinc  compared  with  oxidised  zinc,  is  pro- 

b«bly  also  true  for  every  oxidisable  metal  compared  with  any  one  of  its 

posaiblo  oxides.     It  is  true,  as  we  shall  see  later  (iipponded  paper 

of  1880—81 ;  also  Erskino  Murray's  paper  referred  to  in  §  15 ),  even  for 

platinum  in  its  ordinary  condition  in  our  atmoaphoro  of  21  per  cent 

lexygcn  and  79  pi!r  cent,  nitrogen,  voltaically  tested  in  comparison  with 

iTlatinnra  which  has  been  recently  kept  for  several  niinutos  or  several 

Ihoors  in  au  atmosphere  of  pure  oxygen,  or  oven  in  an  atmosphere  of 

[95  per  ot^nt.  oxygen  and  5  per  cent,  nitrogen. 

§  'i.  Hitherto  wo  have  had  no  means  of  measuring  tho  amount  of 

I  the  Volta-oontact  electric  force  between  dry  metals,  except  oltBorva- 

waa  of  tho  degrees  of  deticction  of  tho  gold  learos  of  an  oiootroscopo, 

''the  spot  of  light  of  tho  quadrant  oloctromctor  consequent  upon 

ktiuna  performed  upon  diiforent  pairs  of  inetuls,  with  dimensions 

'tad  distances  of  motion  exactly  tho  same,  and  cuuiiiarisou  of  theso 

Ijdefleotious  with  the  steady  deflection  from  the  metallic  zero  givoti  by 

lUhed  sine  and  copper  connected  conduct! vol  y  witli  one  another  by 

and  uonuocted  metallically  with    tho   two   eluctrodus   of   an 
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electroaoope  or  electrometer.     Kohlratuch,  in  1861,*  devised  on  appt- 
ntns  for  carrying  out  this  kind  of  iuvestigatiou   Bystemstictlly,  ftod 
with  a  good  approach  to  accuracy,  by  aid  of  a  Dellmau's  electrometer 
and  a  Daniell's  cell,  as  more  deficits  and  constant  than  a  tinc-^ntet- 
copper  cell.     Tbia  method  of  Kohlrausch's  for  measuring  the  Volti 
electromotive  forces  between  dry  metals,  "  has  been  employed  witli 
modifications  by    Hankel,  by  Gerland,  by  Clifton,   by  Ayrton  and 
Perry,  by  von  Zahn,  and  by  most  other  ex j>eriiii enters  on  the  Eabject,''t 
Abont  thirty-seven  years  ago,  in  repetitious  of  Volta's  fandatn«nttl 
experiment  i)roving  contact  electricity  by  electroscopic  phe-nomoTia 
resulting  from  change  of  distance  between  parallel  plates  of  ziuf.  and 
copper,  I  found  a  null  method  for  meosaring  electromotive  forces 
due  to  metallic  ooutuot  between  dissimilar  metals,  in  terms  of  the 
electromotive  force  of  a  Daniell's  cell,  which  is  represented  diagnm- 
matically  in  Fig.  7,  and  in  perspective  in  Fig.  8.     The  two  disc* 
are  protected  against  disturbing  influences  by  a  metal  sheath.    Tli« 
lower  disc  is  permanently  insulated  in  a  fixed  position,  and  is  kept 
connected  with  the  insulated  pair  of  quadrants  of  a  quadnuit  elec^ 
meter.    The  upper  disc  is  supported  by  a  motal  stem  passing  throngli 
a  collar  in  the  top  of  the  sheatb,  so  that  it  is  kept  always  parallel  to 
the  lower  disc  and  metallically  connected  to  the  sheath,  while  it  can 
be  lifted  a  few  centimetres  at   pleasure   from  an  adjustable  lowait 
position  in  which  its  lower  face  is  about  half  a  millimetre  or  a  milli- 
metre above  the  upper  face  of  the  lower  disc.     A  portion  of  the  wire 
oomuecting  the  lower  plat«  to  the  insulated  quadrants  of  the  electro- 
meter  is   of  polished    platinum,   and   contiict   between    this  and  » 
platinum- tipped  wire  connected  to  the  slider  of  a  potential  divider 
is  made  and  broken  at  pleasure.     For  certainty  of  obtaining  good 
results  it  is  necessary  that  these  contacts  should  be  between  oIms 
and  dry  polished  metals,  because  if  the  last  connection  on  breaking 
contact  ia  through  semi-moist  dust,  or  oxide,  or  "  dirt  "  (defined  bj 
Lord  Palmerstoti  to  be  matter  in  a  wrong  place),  or  if  it  is  anything 
other  than  metallic,  vitiating  disturbance  is  produced. 

§  10.  To  make  an  experiment,  first  test  the  insulation  with  tb« 
upper  plate  held  up  in  its  highest  position,  and  after  that  with  it  let 
down  to  its  lowest  position,  in  each  case  proceeding  thus:  Holding) 
by  hand  the  wire  connected  to  the  slider,  run  the  slider  to  zero,  tnal 
contact  at  P,  observe  on  the  screen  the  position  of  the  spot  of  ligbt 
from  the  electrometer  mirror  for  the  metallic  zero,  and  then  mn  tbe 
slider  slowly  to  the  top  of  its  scalo  and  break  contact ;  the  spit  of 
light  should  remain  sl^dy,  or  at  all  events  shonld  not  lose  more  tbtn 
a  very  small  percentage  uf  its  distance  from  metallic  zero,  in  half  ■ 


I 


QSfl 


■  '  Foggeniarff  Annalen,'  vols.  Ixxv.  p.  88 ;  Ixxxii.  pp.  1  and  45 :  and  IsuTiii. 
p.  465,  185]  and  1853. 

t  Prof.  O.  J.  Lodge, '  On  the  Seat  vt  tlie  Electromotive  Foroes  in  Ihe  TolUi< 
Cell.'  Brit.  Aaa.  Report,  1884,  pp.  464-529. 
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minute.  Bepeat  the  test  mth  the  cell  reversed.  If  the  test  is 
ntisfaotory  with  the  upper  plate  high,  the  iDsuIatioa  of  the  iosalated 
qoftdrants  in  the  electrometer  and  of  the  lower  disc  in  the  Vulta- 
oondenscr  is  proved  good.  If  after  that  the  test  is  not  satisfactory 
with  the  upper  disc  at  its  lowest,  we  infer  that  there  are  vitiating 
Bhreds  between  the  two  plates,  and  we  must  do  what  we  can  to  remove 
them ;  or,  if  necessary,  we  must  alter  the  screw-stop  at  the  top  so  as 
to  increase  the  shortest  distance  between  the  plates  sniBciently  to 
prevent  bridges  of  shred  or  dust  between  them,  and  so  to  give  good 
insulation.     The  smaller  we  make  the  shortest  distance  with  perfect 


Fio.  7. 


fn«fqgti   insulation,   the   more  sensitive   is   the   apparatus    for   the 
HMWRiromcut  of  contact  electricity  performed  as  follows. 

§  II.  Run  the  slider  to  zero ;  make  and  keep  made  the  contact  at  P 
till  the  spot  of  light  settles  at  the  metallic  zero  ;  break  contact  at  P, 
aQ«l  lift  the  upper  pinto  slightly.  (If  you  lift  it  too  far,  the  spot  of 
light  may  fly  out  of  range.)  If  the  spot  of  light  moves  in  the  direction 
■bowing  positive  electricity  on  the  inaulatcU  qnadratits  (aA  it  does  if 
tlui  lower  plate  is  zinc  and  the  upi^r  copjifir),  connect  the  cell  tf) 
fnmhis  the  slider  negative  (as  shown  in  Fig.  7).  Kepeat  tJje  exiieri- 
me&l  with  the  slider  at  difforont  points  on  the  scale,  until  you  find  that, 
with  contact  P  bn>ken,  lifting  the  upjKir  plato  causes  no  motion  of  Ujo 
•not  of  light.     If  the  compensating  action  with  the  slider  at  the  top 
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of  the  range  is  insiifficient,  add  a  second  coll ;  if  it  is  still  inenfficient, 
add  a  third  cell ;  if  still  insufficient,  add  a  fourth.* 

§  12.  B,r  thia  method  I  made  an  extended  series  of  experiments  in 
e  years  1859-61,  as  stated  in  a  short  paper  commnnicated  to  Sco- 
ion  A  of  the  British  Association  at  its  Swansea  meeting  in  August 
880,  which  with  additions  published  in  '  Nature '  for  April  14, 1881, 
appended  to  the  present  article. 
§  13.  Quito  independently ,t  Mr.  H.  Pellat  found  the  same  method, 
lod  made  admirable  use  of  it  in  a  sorioa  of  exporiments  described  in 
Sieses  presented  to  the  Faculty  of  Sciences  in  Paris  in  1881,}  of 
irhich  the  results,  accurate  to  a  degree  of  minuteness  unknown  in 
previously  published  researches  on  the  electrical  effects  of  dry  contdcts 
between  metals,  constitute  in  many  respects  the  most  important  and 
Btost  interesting  extension  of  our  knowledge  of  contact  electricity 
lince  the  times  of  Volta  and  Pfaff.  One  of  his  rosults  (I  shall  havo 
Id  speak  of  others  later)  was  that  Pfaff  was  right  in  1829  §  when  ho 
leecribed  experiments  in  which  he  found  no  difforonco  in  tlio  Volta- 
pontaot-clectromotive  force  between  zinc  and  copper,  whetlier  tested  in 
itj  or  damp  air,  oxygen,  nitrogen,  hydrogen,  carburotted  hydrogen,  or 
Bftrbonic  acid,  so  long  as  no  visible  chemical  action  occtirrod ;  and  that 
De  la  Uive  was  not  right  when  ho  "  assorted  that  there  was  no  Volta 
iffect  in  the  slightly  rarefied  air  then  known  as  vacuum."  {|  Pfaff  ex- 
perimented with  varnished  plates ;  Pellat  arrived  at  the  same  con- 
dliuion  with  {wlishcd  unvarnished  plates  of  zinc  and  copper.  He 
Foaud  slight  variations  of  the  V<>lta  electromotive  force  duo  to  tho 
^turo  of  the  gas  surrounding  the  plates,  and  to  differences  of  its 
luro,  of  which  he  says :  "  Ces  variations  sont  trfes  faiblos,  par 
rt  ik  la  differeuco  de  potentiel  totale.  .  .  .  Ces  variations  daua 
rence  de  potentiel  Boat  toujours  en  retard  sur  leg  chauge- 
_  do  presaion.  EUes  ne  paraissent  done  pas  dopendro  diroctement 
celle-ci,  mais  bieo  dos  modifications  qui  en  rosultout  dans  la  naturo 


•  Tho  only  com  bitberto  tested  by  any  experimenter,  lo  far  bb  known  to  me, 
which  more  tlian  two  Dotiicll  Cellfl  wouM  \>o  reipiired  for  tho  t>ijm|>t!iisatfon,  ia 
Mght  metiillic  Mxliuni,  guarded  agnin«t  oxide  by  glass,  in  Mr.  Krtikino  Murray's 
perimcnts  (j  18  lielow),  ihowilig  volta-diffi-rpricfi  of  3-56  voUs  from  hia  stjitulard 
Id  plate.     Fur  direct  te«t  this  would  ri^iuire  four  Duniell  ocllii  an  the  pnlentini 
Ti'ler.     The  greatest  volta-differencs  of  potcntiiil!i  ohscnrod  by  Pollat  wan  I  'OS 
for  whi/'Ji  a  Danicira  cell  would  rather  more  than  sulVice.  About  1802  I  lound 
>ly  more  than  the  eleclrnmotive  furce  of  a  single  DaDictl'ii  olcmaut 
U>  ooinpen»ato  the  Volti  electromotive  force  between  poliabed  zioo  and 
cisidi*<il  by  heat  in  a  durk  purplo  or  slate  colour. 
Ann.  de  Chitnie  et  de  Physique,  vol.  xxiv.  1881,  p.  20,  footnote. 
Tb<jj«^  prusonteea  k  la  Faculto  des  Soicncea  do  Paris,  pour  obtenir  Ic  Grade 
.•ur-»*-Sciijnc««  Physique*,'  par  M.  H.  Pellat,  Professeur  de  PbygitjiiP  au 
lo  Grand,  No.  461,  jnin  22,  1881.    &ee  also  *  Jourttal  dc  Pliynique,' 
68,  and  May  1880,  '  Uifference  de  potentiel  dee  coucheu  efectriquea 
t  dciix  cnctanx  en  coninct.' 
f  Asn.  dc  Cliim.,  2  series,  vol.  xLi.  p.  23G. 
I  Lodge,  Ciit.  Amoc.  Bcport,  1881,  pp.  477-8. 
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de  Ia  snrbcB  metalliqne,  modifications  qai  mettent  nn  eeitain  tempts 
86  produire."  The  smallest  pressoree  for  which  Pellat  nutde  his  ex- 
pertmenta  were  from  3  to  4  or  5  cm.  of  mercnrj.* 

§  14.  The  stone  method  was  used  by  Mr.  J.  T.  Bottomley  in  ui 
iiiTestigation  by  which  he  demonstrated  with  minute  accuracy  tbe 
equality  of  the  Voltaroontact-differencc  mcasnred  in  a  glass  tnbe 
exhausted  to  lees  than  j  J  3  inin.  of  mercury  *  (2  J  millionths  of 
an  atmosphere),  and  imtuediately  after  in  the  same  tnbe  filled  with 
air  to  ordinary  atmospheric  pressure ;  and  again  exhausted  and 
filled  with  hydrogen  to  atmospheric  pressure  three  times  in  soooe*- 
sion ;  and  again  exhausted  and  filled  to  atmospheric  pressure  with 
oxygen.  In  some  oases  the  electrical  test  was  repeated  eeveral  time*, 
while  the  gas  was  entering  slowly.  The  actual  apparatus  which  he 
nsed  is  before  yon,  and  in  it  I  diink  yon  will  see  with  interest  the 
little  Yolta-condenser,  with  plates  of  zinc  and  copper  a  little  larger 
than  a  shilling,  the  upper  hung  on  a  spiral  wire  by  a  lung  Luok 
carrying  also  a  small  globe  of  soft  iron.  Thus  you  soe  by  aid  of  ta 
external  magnet  I  can  lift  and  lower  the  upper  plate  without  moTicg 
the  yacunm  tnbe  which,  during  the  experiments,  was  kept  in  connec- 
tion with  a  Sprengel  pump  and  phosphoric  acid  drying  tubes.  Mr. 
Bottomley  sums  up  thus :  "  The  result  of  my  investigation,  so  &r  u 
it  has  gone,  is  that  the  Yolta  contact  efl'ect,  so  long  as  the  plates  tie 
clean,  is  exactly  the  same  in  common  air,  in  a  high  vacunm,  in 
hydrogen  at  small  and  full  prcssarc,  and  in  oxygen.  My  appanttu, 
and  the  method  of  working  during  these  experiments,  was  so  sensitiTC 
that  I  should  certainly  have  detected  a  variation  of  1  per  cent,  in 
tbe  value  of  the  Yolta  contact  effect,  if  such  a  variation  had  presented 
itself."  t 

§  15.  With  the  same  method  farther  rest-arches  have  been  carried 
on  by  Mr.  Erskine  Murray,  and  important  and  interesting  results 
obtained,  within  the  last  four  years,  in  the  Physical  Laboratories  of 
tbe  Universities  of  Glasgow  and  Cambridge.  He  promises  a  paper 
for  early  communication  to  the  Boyal  Society,  and,  from  a  partial 
copy  of  it  which  be  has  already  given  me,  I  am  able  to  tell  yoa  ct 
Bome  of  his  results.  Taking  generally  as  standard  a  gilt  bnas  disc 
which  he  found  among  the  apparatus  remaining  from  my  experiments 
of  186&-61,  he  measured  Yo]ta-diff©rences  from  it  in  terms  of  thai 
modem  standard  one  volt.  These  differences  are  what  we  may  call', 
the  Volta-potentials  of  the  different  metallic  surfaces,  or  surfnces  cti 
metallic  oxides,  iodides,  &c.,  or  metallic  surfaces  altered  by  cohesion 
to  them  of  gases  or  vapours,  or  rosidnes  of  liquids  which  had  been 
need  for  washing  them  ;  if  for  eiiiiplicity  we  agree  to  call  the  Volto- 
poteutiol  of  the  gold,  zero.     As  a  rule  ho  began  each  experiment  b/ 


i 


i 


*  A  very  high  cxhuaation  had  been  maintdned  for  two  days,  and  fiaidly  | 
foctfd  by  two  aud  a  tin  If  hours'  working  at  tbe  pump  immedjately  btfuiv  tb*j 
electric  testing  esperiment. 

t  Brit  Aaaoe.  Beport,  18&5,  pp.  901-3. 
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lishitig  the  metal  plato  to  be  tested  on  oloan  glass  paper  or  eniory 
>t}i,  and  then  meaanrod  its  dilTerence  of  potential  from  the  stunclanl 
dd  pl&t«.  After  that  the  plate  was  subjected  to  some  particular 
iment,  such  as  filing  or  burnishing;  ur  puliahiiig  on  leather  or 
iper ;  or  washing  with  water,  or  alcohol,  or  turpentine,  and  leaving 
w«4  or  drjing  it ;  or  heating  it  in  air,  or  expoaing  it  to  steam  or 
^gen,  ur  fames  of  iodine  or  sulphuretted  hydrogen ;  or  simply 
▼iog  it  for  some  time  nuder  the  influouco  of  the  atmosphere. 
plate  OR  altered  by  any  of  these  processes  vfiis  then  measured 
potential  against  tlie  standard  gold.  Very  interesting  and  iu- 
otire  resnlts  were  foand ;  only  of  one  can  I  speak  at  present. 
ishing  by  rubbing  it  firmly  with  a  rounded  steel  tool,  or  by 
ib)>ing  two  plates  of  the  same  metal  together,  increased  the  potential 
every  cnsu ;  that  is  to  say  mode  the  motalliu  surface  more  positive 
it  was  }>o8ttivc  to  begin  with  ;  or  made  it  less  negative  or  changed  it 
9U)  negative  to  positive,  if  it  was  negative  to  begin  with.     TitUK.- — 

Zinc  immediately  after  being  scratched  sharply  by 

polishing  on  clean  gloss  paper  was  found         .      -f~     '70  volt. 

After  being  burnished  with  hard  steel  burnisher  it 
was  funnd  ...... 

After  iHjing  loft  to  itself  for  2  hours  it  was  found 

After  further  burnishing  .... 

After  still  further  burnishing  .... 

It  was  then  scratched  by  polishing  on  glass  pn])er, 
and  its  surface  potential  returned  tc/itauri^iiiiil 
▼aluo  of +     -70  volt. 

1 16.  This  seems  to  mo  a  most  important  result.  It  cannot  l>e  due 
Uie  riimoval  of  oxygen,  or  oxide,  or  of  any  other  substance  fruui  the 
ic.  It  demonHtratos  that  change  of  arrangemmit  of  tho  roulenulos 
the  free  surface,  such  as  is  produced  by  crushing  them  t^jgutber,  ivs 
were,  by  the  buruitiher,  affcrts  the  electric  action  bctwtuui  llie  oiitor 
iftooof  the  KJuc  aud  the  opposes!  parallel  gold  phitu.    It  bIiowk  that 

poiSDtial  *  in  zinc  (uniform  throughout  tbe  homogcnooas  interior) 


+  -94  volt. 
4-  -ya  v.dt, 
+  l-UO  viilL 
+  1-02  volt. 


^Tbero  has  been  mncb  of  won)y  warfere  regnrdinr  pnl«nli(v)  in  a  metal,  but 

'  Uip  <!Uiiit)iitAnt«  haa  ever  tola  what  he  iiu-am  by  lUe  rxpri'iuton.     In  f>ii-t 

(jvlliiitioo  of  eltotric  yiotentirtl  Uithcrln  pivi-o  Iinii  Im-i'Ii  (nr  vhpuujii,  or 

'orotlKT  (tiiiii  iiimilutor.     Cnnrfiviiblf-  tnnk-ciilar  tliforifn  nf  iVtH'tridty  within 

>lii|  or   li<|iiiil  coii<liirt.or  riii^'lit  ailiiiit  itiK  U'lm  iiotciitiul  at  ii  point  in  tlio 

i  Init  lilt)  (uiiclifm  so  railed  would  vary  fjwrssively  in  iDti-nm>lfcnlar»|«u'o, 

U»xe  a  ilctiiiite  valnc  fur  cvvrj  |mnt,  whether  oT  ititcniiriU-cnlnr  Hpnoii  ur 

*  volWDL' of  »  molociile,  or  within  Iho  vnlan«<  of  nn  nlfiin,  if  thu  atom 

upmci}.     It  wo'ihl  iiltio  vary  intensely  from  [lornt  tn  jKiinl  in  the  itber  or 

uoUiila  the  lu<Hal  at  (ItglanrvH  frxin  tho  rmiitier  sriiRJt  or  iiuHlcrutv  in  o»tU' 

with  tllo  r]latancf  IViiui  iiiolti'iilu  tr>  nKileriili;  in  tdc  niotnl. 

Whi-n.  iicltin((n8id<K)iir  intMitnluiirruai'iipii'  liinix'tifdrwhtcli  Bliowa  ur  Htonin 

ulua,  wo  ileal  witli  lli>?  nMkth<'nii>iic«l  lliuory  <irec]uilihTiuin  ainl  motion 

'tWtiW^ll;  tlirou^b  nx-tali  with  oaivt  aurtkew  beunded  by  vtlwr  or  air  or  otbc' 

"Vol..  i.V.    (No.  91.)  2  m 
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from  Ujo  interior  Uirough  the  thin  enr&oe  Ujer  of  •  portioD 
of  its  Borfkce  affected  by  the  crashing  of  the  bamiKher,  more  b; 
•32  Toh  th»n  through  any  thin  6urfifM>e-l»ycrof  portions  of  its  sn Am 
left  MB  polished  and  scratched  by  glaes  paper.  The  diftisDoe  cf 
potentials  of  copper  and  zinc  across  an  interface  of  oontaok  hetwMB 
them  is  only  about  '2\  times  the  difference  of  potential  thas  proved  to 
be  produced  between  the  homogeneons  interior  of  the  zinc  and  its  fn« 
Barface,by  the  burnishing.  Pellat  had  found  that  polish<.-d  metallic 
Borfaoes,  eeemingly  clean  and  free  fr«m  risible  contamination  uf  ftor 
kind,  became  tsore  positive  by  rubbing  them  forcibly  with  emer; 
paper,  zinc  showing  the  greatest  effect,  which  was  *  123  volt.  Mamj'i 
burniMbcd  surfiicc  of  zinc  actually  /eU  '32  volt  when  BcratcLod  bj 
polishing  on  glass  paper. 

$  17.  With  two  copper  plates  {a),  (&)  polished 
on  emery  and  each  compared  with  standard 
gold,  Murray  fuund ..... 

They  were  then  bamiehed  by  rubbing  them  for- 
cibly together,  and  again  tested  separately ; 
he  found         ...... 


Rises  of  Yolta-potentiAl  of  about  the  same  amount  were  pro<inrc<i 
by  bumiBhiug  with  a  fiteel  biiraislier  copper  plates  which  ba'l  b<en 
polished  and  scratched  in  various  ways.  Such  experiments  as  tho« 
of  Murray  with  burnishing  ought  to  be  repeated  with  hammering  of 
crufihing  by  a  Bramah's  prej^s.  Indeed  Pellat  *  suggested  that  metali 
treated  bodily  "  par  le  luminage  ou  lo  nmrtelage  "  (rolLng  or  hammer' 
ing)  might  probably  show  Volta-electric  properties  of  the  sanie  kinvi  if, 
but  more  permanent  than,  those  which  he  had  fuund  to  be  produced 
by  violent  scratching  with  eoiiery  paper. 

S  18.  It  is  interesting  to  remark  that  Murray's  most  highly  bar- 
nished   zinc  differed  from  his   emery-p<diBhed  copper  (a)  by  I'lS 


insulating  fluiila  or  wlida,  we  find  it  onnvenient  to  uu  a  matbematieil  (nMMi 
of  position  calk-d  potential  in  the  interior  of  each  metal.  This  fimctirvn  mut,  for 
thecase  of  equililirium,  fulfil  tlie  condition  that  it  is  of  unironn  value  tfaiowli 
each  liomngi!Deoii8  portion  of  inetnl.  \\a  value  niiut,  tut  a  rule,  clian^  gf»d>l*ll]F 
(or  abruptly)  with  every  gradnal  (or  abrupt)  rhuoge  of  quality  of  sub«tuieo 
occnpyinijt  spscf. 

To  illostratc  the  diffirnlty  and  complexity  of  eiproauon  with  wliirh  I  ban 
BtruKfcIed,  anil  to  justily  if  pobKJblfl  my  ungiiinly  resulting  eenteooe  in  th«teit> 
coiieider  the  ca%  of  a  crystal  of  pare  nietul :  suppose,  for  example,  an  octohediui 
with  truiK-aied  ooruiTs,  nil  nnturul  fu<n«  and  facets.  In  all  probability  ToltM 
diSerennsof  [Hiteiitial  would  be  found  between  the uctKhedronal  and  tnnic*t)<<t>*l 
faces.  We  might  arbitrarily  define  the  utiiform  interior  potential  as  the  potfolW 
of  the  air  either  near  uu  nctabedronal  face  or  iieiir  a  truncatioual  fsoe :  (>r,  •)>" 
arbitrarily,  wt>  might  define  it  ne  tome  convenient  mean  or  average  rrlaini  t> 
measurements  of  Volta-diflcrcuces  of  potential  between  the  different  toMs. 

*  Ann.  do  Chimie  et  de  Physique,  1881,  vol.  xxiv.  footnote  on  p.  83. 
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Tolts.  This  is  considerably  greater,  I  believe,  than  tlie  highest 
hitherto  recorded  Yolta-difiTerence  between  pare  metallic  surfaces  of 
zinc  and  copper. 

By  far  the  greatest  Yolta-difiercnce  between  two  metallic  suT' 
faces  hitherto  measured  is,  I  believe,  3-56  volts,  which  Murray,  in 
another  part  of  his  work,  found  an  the  Volta-flitTerenoe  between  bright 
sodium  protected  by  gloss  and  his  standard  gold.  He  had  previously 
found  n  copper  surface  after  exposure  to  iodine  vapour  to  bo  —•34 
relatively  to  his  standard  gold.  The  difference  between  this  iodised 
sorfaoc  and  the  bright  metallic  surface  of  sodium  was  therefore  3*90 
volts:  which  is  the  liighcst  dry  Volta  electromotive  force  hitherto 
known. 

§  19.  Seebeck'fl  great  discovery  of  thermoelectricity  (1821)  was  a 
very  important  illustration  and  extension  of  the  twenty  years'  earlier 
iliacovery  of  the  contact  electricity  of  dry  niotals  by  Volta.  It  proved 
independently  of  all  disturbing  c^mditiunH  that  the  difference  of 
)K>tentiaIs  between  two  metals  in  contact  varies  with  the  temperature 
of  the  junction.     Thus,  for  instance,  in  the  copper-iron  arrangement 
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WpNMQtcxl  in  Fig.  9,  with  its  hot  junction  at  25"  and  its  cold  at  15", 
'  tbfl  electromotive  force  tends  to  produce  current  from  copper  to  iron 
tiirvugh  hot,  and  its  amount  is   -00148  volt;  that  is  to  say,  if  tbo 
circuit  is  broken  at  A  B  the  two  opposed  faces  A,  B,  at  equal  terapo- 
rtturon,  present  a  difference  of  electric  pc>tential  of  -110148  volt,  with 
IJ  positive  relatively  to  A.     This  is  not  too  small  o.  difforence  to  bo 
tHtod  directly  by  the  Voltastatic  method,  worked  by  two  exactly  similar 
Bwtal  discs  connected  to  A  and  B,  when  they  are  at  their  shortest 
(.distaoco  from  one  another,  and  then  disconuocted  from  A    and    B, 
»«nd  separated  and  tested  by  connection  with  a  dolicato  i^uailrant  eloc- 
trunieter.     But  the  test  would  be  difficult,  because  of  the  difficulty  of 
I  jirDpariug  the  opposed  surfHces  of  two  equal  and  similnr  <li8C.><,  so  as 
t  ki  make  them    equal    in    their   surface- Volta-potcntiala   within  ono 
'  ooA-tboasandth  of  a  volt,  or  even  to  make  their  ditforence  of  potentials 
ooostMit  during  the  time  of  experiment  within  one  one-thousandth  of 
a  volt.     There  would,  however,  be  no  interest  in  making  the  experi- 
ment in  this  way,  because   by  the   electromagnetic  method  wo  can 
Chit  and  measure  with  great  accuracy  the  difforence  of 
iveen  A  and  B,  by  keoping  them  exactly  at  one  temjtc- 
: 
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ntnre  and  connecting  thtm  bj  wires  of  any  kind  with  bran  or  other 
terminalB  of  a  gslvanometer  of  bigb  enough  resistance  not  to  fsetuiblj^ 
diminish  the  differeoce  of  potentials  between  A  and  B,  provideil  all^ 
the  connections  between  metals  of  different  qnality  except  J  anil  K 
are  kept  at  one  and  the  same  temperature  (or  paird  of  them,  prujicrlj 
chosen,  kept  at  equal  temperatures). 

§  20.  Suppose,  now,  instead  of  breaking  a  circuit  of  two  mctal«  ti 
a  place  in  one  of  the  metals,  as  A  B  in  copper  in  Fig.  9,  we  break  i 
at  one  of  the  junctions  between  the  two  metals,  as  at  C  C,  I'  I,  Fig.  1* 
C  D  represents  a  morablc  slab  of  copper  which  (for  §  22  below)  mi 
be  poshed  in  so  as  to  be  wholly  opposite  to  I'  I,  or  at  pleasure  ilnwn' 
out  to  any  position,  still  resting  on  the  copper  below  it  as  shuwu  in 
the  diagram.  Galling  zero  the  uniform  potential  over  the  surfaca 
C  C  D,  the  potential  at  1'  I  would  be  about  +  ■  16  rult  (acconliog  to 
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Murray's  results  for  eniory-polished  copper  and  iron  surfacos)  if  tli« 
temperature  at  J  and  throughout  tho  system  is  uniform  at  about  IS"" 
Keeping  now  the  temperature  of  C  C,  1'  I  exactly  at  1.5",  let  the  tci 
perature  of  J  be  raised  to  25".  The  difference  of  poteutial.s  b«t««*ii 
C'C  and  I'l  would  be  increased  to  "16148  volt,  supposing  -16000 
have  been  exactly  the  difference  of  potentials  when  the  tempemti"" 
of  J  was  l.!i°.  This  difference  of  differences  of  potentials  would  b« 
just  perceptible  on  the  most  delicate  quadrant  electrometer  connectfd 
as  indicated  in  the  diftgrain,  Lftstly,  raise  the  temperature  of  CO, 
and  r  I  to  exiK'lly  25'',  J  beiug  still  kept  at  this  temperature:  ^' 
spot  of  light  of  tlio  electrometer  will  return  exactly  Uj  its  metallic 
zero.  Hut,  would  the  Volta-differeiice  of  poteutials  between  th« 
snrfftces  C  C,  I'  I  remain  unchanged,  or  would  it  return  exactly 
to  its  previous  value  of  -IGOOO,  or  would  it  come  to  some  otk« 
value  ?     We  cannot  answer  this  question  without  experiment.     Tb» 
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'>per  motbod,  of  courso,  woultl  bo  to  nso  the  metal-shcatlied  Vulta- 
DndeDscr  and  compensation  (§  9  above),  and  wttli  it  measure  the 
rolta-dilTerences  between  copper  and  irun  at  diSerent  tom])eratnrea, 
'the  Hune  for  the  two  metals  in  each  case.  The  sheath  and  everything 
iu  it  abould,  in  each  experiment,  be  kept  at  one  and  the  same  constant 
hmperature.  Bnt  it  would  probably  bio  very  difficult  to  get  a  decisive 
pnswer,  because  of  the  uncertainties  and  tiino-liiga  of  changes  in  the 
Volta-]M)tcntial  of  metallic  surfaces  with  change  of  temperature,  which, 
if  we  may  judge  from  Pellat's  and  Murray's  experiments  on  effects  of 
iture  when  the  two  metals  are  unequally  heated,  would  probably 
found  when  the  temperatures  of  the  two  metals,  kept  exactly 
|aa1,  are  raised  or  lowered  at  the  same  time. 

§  21.  llie  thermoelectric  difference  between  bismuth  and  antimony 

I  about  ten  times  that  between  copper  and  iron  for  temperature  diff- 

snoes  of  ton  or  twenty  degrees  on  the  two  sides  of  20^  C,  and  their 

rolta-contiict  difference  is  exceedingly  small  ^iu;cording  to  PcUat,  just 

DO  one-liuudredth  of  a  volt  when  both  their  Rurfaco:?  are  strongly 

Bratcbed  by  rubbing  with  emery).     It  would  be  very   interesting, 

probably  instructive,  to  find  how  much  their  Volta-contoct  differ- 

varies  with  tomperatnro  by  the  method  at  jiresent  suggeste<l. 

ftt  variations  of  Volta-eurface  potentials,  found  by  Pellat  and 

ky,  when  one  of  the  two  motala  is  heated,  may  have  been  due 

nfforenco  of  temperatures  between  the  two  opposed  plates  with 

between  them  ;  and  it  ia  possible  that  no  such  large  variation,  or 

largo  variation  only  duo  to  changes  of  cohering  gases,  may  bo 

vand  when  the  two  metals  are  kept  at  equal  temperatures,  and  these 

tporaturos  are  varied  as  iu  the  experiment  I  am  now  suggestius;, 

S  22.  I'elticr's  admirable  discovery  ( \%'M)  of  cold  produced  where 

eleolric  current  crosses  from  bismuth  to  antimony,  and  boat  where 

I  CTosfles  from  antimony  to  bismuth,  iu  a  circuit  of  the  two  metuls, 

ritb  a  current  maintained  through  it  by  an  inde])eudcnt  eleutromotive 

l>tee,  is  highly  important  in  theory,  or  in  attempts  for  theory,  of  the 

vntact  clcotricity  of  metals. 

From   an  unsatisfactory  •   hypothetical   application   of  Caniot's 
inci{>lc  to  the  thermodynamics  of  thennoelectric  currents  I  long 
inferred  |  that  probably  electricity  crossing  a  contact  between 
»l>|ier  and  iron   in  the  direction  from  copper  to  iron  would  pro- 
aud  in   the  omtrary  direction   heat   when  the   tempera- 
low   280'^  C.  (the  thermoelectric  neutral    temperature   of 
&d  iron),^  and  I  verified   this  oonclusion   by  experiment.! 

'  Malfacmatical  ami  HbiMcal  Papers,'  vol.  i.  art.  sWiii.  $  IDG,  reprinted  from 
Trarifw^tiunii  of  the  Hoyal  Society  of  Edinburgli,'  Muy  ISM. 
lU.I.  «  116(10). 
:  In  II  iLerniofloctric  circuit  of  wippcT  and  iron  the  current  is  from  copper  to 
^^r^iijh   \v\  when  botli  juoctioiia  arc  below  2H<i''  0.     It  u  from  iron  to 
;  '>t  wli<?n  both  jiincti'in*  are  ntxive  2K0°  C. 
I  iLnl   Bi»e»rctuB  in  'l'li(Tujoi.^loi-trlcity,'  Proc  It.  8.   May  1854; 

ilouuu  •»  -Jl.  li.  iu  '  Mutbcmalicul  uud  Phyaical  rapcrit,    vol.  i.  (ae<)  pp. 


538 


Lord  Kvlvin 


[&by21, 


Hence  we  see,  looking  to  Fig.  10,  if  the  movable  copper  plute  C  D  is 
allowed  to  move  inwards  (in  tbe  position  shown  in  the  dikgrsm 
it  is  pulled  inwards  hy  the  Yolta-electrificatiotis  of  the  opposed 
aorfaces  of  Iron  and  copper),  cold  will  be  produced  at  the  junctioc  J, 
all  the  metal  being  at  ono  temperature  t(j  begin  with  ;  and  if  tre  Jr&vr 
out  the  copper  plate  0  D,  heat  wiU  be  produced  at  J.  The  thermo- 
dynamicB  of  this  action,*  because  it  dues  not  involve  unequal  tem- 
peratures in  different  parts  of  the  metals  concerned,  is  a  proper  subject 
for  unqualified  application  of  l.'amot's  law.  and  haa  nothing  of  tb« 
unsatisfactoriness  of  the  thermodynamics  of  thermoelectric  eorreute, 
which  essentially  involves  dissipation  of  energy  by  conduction  of  heat 
through  metals  at  different  temperatures  in  different  part&  At 
present  we  cannot  enter  farther  into  thermodynamics  than  to  remorlc 
that  when  tbe  plate  C  D  is  drawn  out,  tbe  heat  produced  at  J  is  oot 
the  thermal  equivalent  of  the  work  done  by  the  drawing  out  of  the 
copper  plute,  but  tu  all  probability  is  very  much  less  than  tbe  tLennil 
equivalent.  Probably  by  far  the  greater  part  of  tbe  work  spent 
drawing  out  tbe  plate  against  the  electric  attraction  goes  to  gtoring 
electrostatic  energy,  and  but  a  small  part  of  it  is  spent  on 
produced  at  J ;  or  on  excess  (positive  or  negative)  of  this  Pel 
heat  above  qnasi-Peltier  (positive  or  negative)  absorptions  of  heat  0 
the  surface  layers  of  iho  opposed  surfaces  when  ex})eriencing  ohani 
of  electrification. 

!  23.  Betuming  to  Fig.  9 ;  suppose,  by  electrodes   oonneoted  td 
A  B  and  an  independent  electromotive  force,  a  current  is  kept  flowi 
from  copper  to  iron  through  one  junction,  and  from  iron  to  cop[ 
through  the  other ;  the  Peltier  heat  pro<Iiice<l  where  tbe  current  punt] 
from  iron  to  copper  is  manifestly  not  the  thermal  equivalent  of 
work  done.     In  fact,  if  the  two  juncticms  be  at  equal  temperaton) 
the  amounts  of  Peltier  heat  produced  and  absorbed  at  the  two  joao- 
tions  will  bo  equal,  and  the  work  done  by  the  independent  eleirti 
motive  force  will  be  spent  solely  in  the  frictional  generation  of  hetLt 

§  2i.  Many  recent  writers,!  overlooking  the  obvious  principle*  "f" 
§§  22,  23,  have  assumed  that  the   Peltier  evolution  of  heat  is  tlit 
thermal  equivalent  of  electromotive  force  at  the  junction.    And  iu  wi 
sequence  much  confusion,  in  respect  to  Volta's  contivct  electricity  ml 
its  relation  to  thermoelectric  currents,  has  largely  clouded  the  neoi 
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*  [March,  1898.]    It  hua  been  given  in  a  communication  to  the  Boyal  Soe''^ 
of  EdiiiburRh  entitled  'The  Thermodynamics  of  Volta-ountoct  Electricil; 
Feb.  21.  1898.  , 

t  I  erbaps  fullowiog  Clerk  MaxwoU,  or  perhaps  indcfpendently.    At  cIl  enod' 
we  fiDil  the  rollowing  in  hi«  splendid  book  of  1873:   "  ilence  J  n  ri-piMeob  lii* 
electromoti?e  oiutact  force  at  the  junotiou  aoting  in  the  poaiiivu  direction. .  --j 
Ueuee  the  aiiauiQptioD  that  the  (wteatiid  of  a  metal  is  to  be  measaieJ  bf  clut  •'] 
the  air  in  cuntat-t  with  it  must  be  erroneoas,  and  tbe  greater  part  ofVolu'lj 
electromotive  force:  muiit  be  suugtit  for,  not  at  the  jiinctiun  of  the  two  melab.t>i)M 
at  one  or  botti  of  tlie  Hurfuces  which  8e|.>arute  the  uetula  from  tde  uir  nr  ullu^ 
medium  which  fornm  the  tliiril  i.lemeiit  of  the  circuit." — 'Treatise  on  Bloctiia'f 
and  Mftj^etism,'  vul.  i.  §  240. 
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of  teachers  and  students.  We  find  over  and  over  again  the  Btatcment 
that  thermoelectric  olectromotiro  force  ia  very  much  siuallor  than  the 
Vulta-ooutact  olectromotivo  force  of  dry  metals.  The  truth  is,  Volta- 
eleotroiuotive  forco  is  fuuud  between  mutcdti  all  of  one  tom(>crature,  and 
is  ruckouetl  in  volts,  or  fractiotiN  of  a  volt,  without  reference  to  tem- 
perature. If  it  varies  with  temperature,  its  variationn  may  bu  stated 
in  fractions  of  a  volt  per  degree.  On  the  other  haml,  thermi-tolcctrio 
eleotromotive  force  dopcnda  essentially  on  difference  of  touiperaturo, 
•od  is  essentially  to  be  reckoned  per  degree ;  as  for  example,  in  fraction 
of  a  volt  per  degree. 

§  25.  Voltii's  second  fundamental  discovery,  that  is,  his  discovery 
(§  5  above)  that  vitreons  and  resinoxis  electricity  flow  away  from  zinc 
and  copper  tu  insulated  metals  connected  with  thorn  (for  example,  the 
two  electrodes  of  an  insulated  electrometer)  when  the  two  uietals  are 
8cp«uiited  after  having  been  in  metallic  contact,  makes  it  quite  certain 
that  there  must  be  electric  force  in  the  air  or  ether  in  the  neighbour-' 
Lood  uf  two  opposed  surfaces  of  difforent  metals  metallically  oon- 
uiict«d.  This  conclusion  I  verified  abont  thirty-six  years  ago  by 
M.<rimeut8  described  in  a  letter  to  Joule,  of  January  21,  1862, 
hioh  he  communicated  to  the  Literary  and  Philusopliical  Society 
Manchester,  published  in  the  Proceediugs  of  the  Soiuety  and  in 
Electrostatics  and  Magnetism '  (§  400)  nndor  the  title  of  *'  A  New 
f  of  Contact-electricity." 

2G.  Volta's  second  fundamental  discovery  also  makes  it  certain 

movable  pieces  of  two  metals,  metallically  connected,  attract  one 

ilher,  except  in  the  particular  case  wh'.ni  tlieir  free  surfaces  are 

iectrically    nentral    to   one    another.      This  force,   properly 

is  a  resultant  of  chemical  affinity  between  thin  surfauu  layers 

©  two  metals.     And  the  work  done  by  it,  when  they  are  alluwud 

approach  through  any  distance  towards  contact  between  any  parts 

the  surfaces,  is  the  dynamical  equivalent  of  the  portion  of  their 

at  of  combination  due  to  the  ai)proach  towni-ds  complete  chemical 

mbination  oouetituted  by  the  diminution  of  distance  l>ulween  the 

Ixxlies.     To  fix  the  ideas,  let  the  luetala  bo  two  plane  parallel 

m   of  zinc   and  cupper,  with    distanio  between  them   small    in 

parison  with  their  diameters,  and  let  us  calculate  the  amount  of 

attractive  force  between  them  at  any  distance.     Let  V  be  tlio 

nco  of  potentials  of  the  air  or  ether  very  near  the  two  metallic 

[era,  but  at  distances  from  these  frontiers  amounting  at  least  to 

1  times  the  distance  from  molecule  to  nearest  molecule  in  either 

(seo  footnote  on   §  1(5  above).     The  electric  forco  in  air  or 

T  between  these  surfaces  will  be  V/D,  if  D  denotes  the  distance 

ween  them.      Hence   (i»ur   molecular  microscopic   binocular   set 

if  p  >8  the  electric  density  of  either  of  the  opposed  surfaces, 

■roa  of  either  of  tho  two,  and  V  tho  attraction  between  them, 

vo 
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Honco  the  work  dono  by  electric  attraction  in  lotting  them  como  from 
any  greater  distauoo  asauder  D'  to  any  smaller  dietauoo  D  ia ; — 

V  A  /  I       I  \  V  A 

8^  (d  -  D')'  -^^  approxunately.  ^-^. 

if  D  is  very  small  in  comparison  with  D'. 

§  27.  For  cloin  sand-papered  copper  and  zinc  *  we  may  take  Y  u 
^  of  a  volt  c.g.s.  electromagnetic,  or  ^^qit  c.g.s.  electrostatic. 

Let  now  A  be  1  sq.  em.  and  D,  -001  of  a  centimetre.  Wc  find  P 
oqnal  to  "219  dyne,  and  the  work  done  by  attraction  to  this  diBtiuiM 
from  any  much  greater  distance  ia  '000249,  This  is  eufficiuut  to 
heat  Tt'd  X  10 ""grammes  of  water,  1°. 

Tho  table  on  the  next  page  shows  corresponding  calcniatcd  reealU 
for  various  distances  ranging  from  1/100  of  a  centimetre  to  1/10'°  of 
a  centimetre. 

Columns  5  and  6  are  introduced  to  illustrate  the  relation  bcttrcen 
the  electric  attraction  we  are  considering  and  chemical  afSaitj  »< 
manifested  by  heat  of  combination.  The  "  brass  "  referred  to  is  »n 
alloy  of  equal  part^  of  zinc  and  copper,  assumed  to  be  of  specific 
gravity  8  and  specific  heat  *093. 

§  28.  It  would  be  exceedingly  difficnlt,  if  indeed  possible  at  ftll< 
to  show  by  direct  experiment,  at  any  distance  whatever,  the  force  of 
attraction  between  the  discs ;  as  we  see  from  the  table  at  a  distaaoa 
of  1/100  of  a  oentiraetre  it  amounts  to  only  1/400  of  a  miUigramme- 
heaviness;  and  to  only  2^  grammes-heaviness  at  the  distance  10~'<^f 
a  centimetre,  which  is  about  ,1  of  the  wave-length  of  ordinary  yell"' 
light.  At  the  distances  10  ^  10"',  10"  of  a  centimetre  the  calcalatni 
forces  of  attraction  are  25  kilogrammes,  2^  tons,t  and  250  tons.  This 
last  force  is  2  or  3  times  the  breaking  weight  per  square  centimetre 
of  the  strongofit  stool  (pianoforte  wire),  6  times  that  of  copper,  13 
times  tliat  of  zinc.  We  are,  therefore,  quite  sure  that  tho  increase  uf 
attraction  according  to  the  inverse  square  of  the  distance  ia  not  con- 
tinued to  such  small  distances  as  10~*  of  a  centimetre;  andatdif 
tauces  less  than  this,  the  electric  attraction  merges  into  molecnlaf 
force  between  the  two  metals. 

•  Pdlttt's  mD^aured  vnlaca  nuRe  from  -63  to  -92,  oooording  to  tho  phj^^J 
condilion  left  by  It-ss  or  tnoro  virtlcut  ecttlbhinp  with  emery  |mpcr.  The  meanoi 
these  iiuiiiinirH  is  ■77.  Mumiy's  run^o  wa«  atill  wiiler,  from  '63  volt  to  TlSi^ 
Bmiitlest  being  for  copper  bumishefl,  oppostxl  In  linc  sn'ratclKHl  nnd  polishni  •i"' 
glaiMj  paj.i'er;  and  tho  largest,  copper  polished  merely  with  emery  paper,  opj**" 
to  ziar'  pnliihed  and  bnrivighod. 

t  TliL-  mctrioal  Urn  is  about  2  per  cent,  less  tbin  (-984  of)  the  British  iooif 
jrcnerul  uiw  thruuKli  the  Urilisli  empire  for  »  gooil  many  yema  before  lft*.fc«t 
rlr'stiocd,  let  us  hop*,  to  Kr  rarely  if  over  u»e<l  ufter  the  lUth  century,  when  It* 
French  metrical  eyeVem  (jecomcs  generally  adopted  through  the  whole  world. 
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§  29.  CuDsiJcr,  now^,  a  large  number  of  discs  of  zinc  and  copper, 
each  of  1  i^qaaro  centimetre  are»,  Mad  thicknefis  D,  and  polished  00 
both  sides.  On  one  side  of  each  disc  attach  three  ▼ery  small  oolnmiu, 
of  length  D,  of  glass  or  other  insulating  material,  and  place  one  din 
CD  top  of  the  iusniators  of  another,  zinc  and  copper  alteroatdj,  bo  m 
(o  make  a  dry  insolntod  pile  of  the  metal  discs,  separated  by  tir 
spacee  each  eqnal  to  thu  thickness  D.  If  in  the  building  of  thia  pile 
each  disc  is  kept  metallically  connected  with  the  one  over  which  it  i> 
placed,  whi]o  it  is  being  brought  into  its  position,  work  will  bo  done 
upon  it  by  electric  attraction  to  the  amoout  shown  in  column  3,  uiil 
the  total  work  of  electric  attraction  during  the  bnildiug  of  the  pile 
▼ill  be  the  amount  shown  in  column  3,  multiplied  by  one  less  Uua 
the  number  of  discs. 

But  if  each  disc,  after  being  metallically  connected  with  the  ow 
ou  which  it  is  to  be  place'l,  till  it  comes  within  some  oonsiderablo 
distance — say  300  D,  for  example,  from  the  disc  over  which  it  is  to 
rest — is  then  disconnected  and  kept  insulated  while  carried  to  ita 
position  in  the  pile,  no  work  will  be  done  on  it  by  electric  attraction. 
And  if  now,  lastly,  metallic  connection  is  made  between  all  tha  disc* 
of  the  pilo,  currents  pass  fr^m  each  copper  to  each  zinc  disc,  and 
heat  is  generated  to  an  amount  equal  to  that  shown  in  column  i, 
multiplied  by  one  less  than  the  number  of  discs :  and  if  this  heat 
is  allowed  to  become  uniformly  diffused  through  the  metals,  they  rise 
in  temperature  to  the  extent  shown  in  column  6. 

All  these  statements  assume  that  the  electric  attraction  increasts 
according  to  the  inverse  square  of  the  distance  between  opposed  faces 
of  zinc  and  copper.  We  have  already  (§  28)  seen  that  tius  assump- 
tion cannot  be  extended  to  such  small  distanoes  as  10~°  of  a  oeoti" 
metre.  Wo  have  now  further  proof  of  this  conclusion  beyond  thn 
possibility  of  doubt,  because  the  large  numbers  in  columns  5  aiul  l> 
for  10  ~*  are  enormously  greater  than  any  rational  estimate  ire  oui 
conceive  for  the  heat  of  combination  of  equal  parts  of  zino  and  coppw 
per  grammo  of  the  brass  formed,     (Sec  §  82  below.) 

§  30.  When,  on  a  Friday  evening  in  February  1883 — fourteeo 
years  ago — quoting  from  au  article  which  had  been  published  in 
Nature  \  in  1879,  I  first  brought  these  views  before  the  Royal  Insu- 
tutiou,  we  had  no  knowledge  of  the  amount  of  heat  of  oombioatioa 
of  zinc  and  copper,  nor  indeed  of  any  other  two  metals.  It  appeared 
probable  to  us,  fi*om  Volta's  discovery  of  contact  electricity  bettraan 
dry  metals,  that  there  must  bd  some  heat  of  combination ;  but  I  ooM 
then  only  express  keenly-felt  discontent  with  oar  ignorance  of  il* 
amount.  Now,  however,  after  twenty-seven  years'  endurance,  I  'in 
happily  relieved  since  yesterday  by  Professor  Boberts  Austeu,  who 
most  kindly  undertook  to  help  me  in  my  preparations  for  this  even- 
ing, with  an  investigaticm  on  the  heat  of  combination  of  copper  »oil 
zino,  by  which  he  has  found  that  the  melting  together  of  30  {leroeot. 
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of  line  with  70  per  cent,  of  copper  gooerates  about  36  heat-units 
(gramme-wttter-Cent.)  per  gramme  of  the  bra^s  formed.  I  am  sure 
yon  will  all  joiu  with  me  in  hearty  thaiiko  to  him,  both  for  this  result 
•nd  for  his  further  grent  kindncBa  iu  lotting  us  now  see  a  very  beau- 
tiful experiment,  demotistratiiig  a  large  amount  uf  boat  of  combination 
between  aluminium  and  copjxjr,  in  illufitrution  of  his  mode  of  experi- 
tnenting  with  sine  and  copper,  which  could  not  be  so  couTeniently 
pat  before  you,  because  of  the  dense  white  fumes  inevitable  when 
sine  is  melted  in  the  open  air. 

[Experiment:  A  piece  of  solid  aluminium  dropped  into  melted 
copper:  large  rise  of  temperature  proved  by  thermo-electric  test. 
Result  aeen  by  all  in  large  deflection  of  spot  of  light  reflected  from 
mirror  of  galvauomoter.] 

§  31.  Another  muibod  of  investigating  the  heat  of  combination  of 
metalB,  which  I  have  long  had  in  my  miud,  is  to  compare  the  beat 
efolved  by  the  solution  of  an  alloy  iu  an  acid  with  the  sum  of  the 
fa«ats  of  combination  of  its  two  constituents  in  mixed  powders.  Tho 
former  quantity  must  be  lees  than  the  latter  by  exactly  the  amount 
of  the  heat  of  combination.  This  investigation  was  undertaken  a 
month  ago  by  Mr.  Gait,  in  the  Pliysical  Laboratory  of  tho  University 
of  Glasgow,  and  ho  has  already  obtained  promising  results;  but  many 
experimental  ditBcnlties,  as  was  to  bo  expected,  have  presented 
themselveB,  and  must  be  overcome  before  trustworthy  rcsalts  can  bo 
obtained. 

[Addeil  Feb.  1898. — By  dissolving  a  gramme  of  a  powdered  alloy, 
and  again  a  gramme  of  mixed  powders  of  the  two  metals  in  the 
same  proportion,  in  dilute  nitric  ncid,  Mr.  Gait  has  now  obtained 
approximate  determinations  uf  heats  of  combination  for  four  ditferent 
alloys,  as  shown  in  the  following  table  :^ 


»«. 


IL 
IU. 

IV, 


Alloy. 


M8  per  cent,  ziac     \ 

"     \5'i        ,,        copper/     " 

(Approxiiuately  cheiuic-itl  combining 

proportioiiB.)* 

i 

m-7, 

"       \23-3        ,.        cop|)er/ 
(Appruximutcly  cliomical  oumbltuug 
proportioiw.)* 

<51-6  per  cent  bilvor  \ 
\iSi        „        copper/ 


30  per  reut.  ziuc     | 
"0        „        copper/ 

7fi-7  per  cent,  silvtr  \ 


Uwl  uf  cumblnkUati 
pn  gruniue  ot  aUoj 
In  gramme.irktrr- 
(kai.  tbamul  luiiU. 


77 

34G 
18 


*  Tbs  ooubiniug  proportione  aro^ 

(i)  50*8  xino  with  49*2  copper, 
and  (ii;  77*4  lilver  „   2S-(]      „ 
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Tfao  oomposition  stated  for  the  alloy  in  each  case  is  tbe  resatt 
of  cbemical  analysis.  No.  L  was  intended  to  be  equal  parts  of  zinc 
and  copper  (as  Ixiing  approximately  the  chemically  combining  pro- 
portions) ;  but  the  alloy,  which  resulted  from  melting  together  eqnsi 
parts,  was  found  to  have  4  per  cent  more  copper  than  zinc,  tliere 
having  no  doubt  been  considerable  loss  of  the  melted  zinc  by  eTapo- 
ntion.  No.  III.  turned  out  on  analysis  to  be,  as  intended,  very 
nearly  in  the  chemically  combining  proportions  of  silver  and  copper. 
No.  IV.  was  intended  to  be  equal  parts  of  silver  and  copper,  bat 
analysis  showed  the  deviation  from  equality  stated  in  the  table.  Tiie 
pro()ortions  of  No.  II.  were  chosen  for  the  sake  of  compari»c<Q 
with  Professor  Roberta  Ansten's  result  (§  30),  and  the  agreement 
(34*6  and  36)  is  much  closer  than  could  have  been  expected,  cou- 
sidoriug  the  great  difference  of  the  two  methods  and  the  grot 
difficulties  in  the  way  of  obtaining  exact  results  which  each  molliod 
presents. 

From  a  chemical  point  of  view  it  is  interesting  to  see,  from 
Mr.  Gait's  results,  how  much  more,  both  in  tlie  case  of  copper  tni 
zinc,  and  copper  and  silver,  the  heitt  of  combination  is,  when  the 
proportions  are  approximately  the  chomieally  combining  proportions, 
than  when  tliey  differ  from  those  proportions  to  the  extents  found  >a 
Alloys  n.  and  IV.  Mr.  Gait  intends,  in  continuance  of  his  investi- 
gation, to  determine  as  accurately  as  he  can  the  heats  of  combiiiatiuii 
of  many  different  alloys  of  ziuc  and  copper  and  of  silver  and  copper, 
and  so  to  find  whctbt^r  or  not  it  is  greatest  when  the  proportions  are 
exactly  the  chemically  "  combining  proportions."  He  hopes  also  to 
make  similar  experiments  with  bismuth  and  antimony,  asing  aqua 
reijia  as  solvent.] 

r§  32.  February  1898. — Looking  now  to  column  5  of  the  table  of 
§  27,  we  see  from  Professor  Roberts  Austen's  result,  3G  thermal  unit*, 
for  the  boat  of  combination  of  30  per  cent,  copper  with  70  jwrocut 
ziuc,  and  from  Gait's  77  thermal  units  for  equal  parts  of  copper  Mid 
zinc,  that  the  law  of  electric  action  on  wlueh  the  cnlculatiuDS  <'f 
tho  tables  are  founded  is  utterly  disproved  for  discs  of  metal  i>f  om 
one-thousand-inillionth  of  a  centimetre  thickness,  with  air  or  etiitr 
spaces  between  tbom  of  the  same  thickness,  but  is  not  disproved  fu' 
thicknesses  of  one  one-hnndred  niillionth  of  a  centimetre. 

Consider  now  our  ideal  insulated  pile  (§  20)  of  discs  lO^of « 
centimetre  thick,  with  air  or  ether  spaces  of  the  some  thiekoces  be- 
tween them.  Suddenly  establish  metallic  connection  between  all  ^ 
discs.  The  oonsequeiit  electric  currents  will  generate  7'-l  tbenu*! 
units,  and  heat  the  discs  by  79°  C.  Take  again  tho  insulated  coIibud 
with  thicknesses  and  distances  of  lO~*of  a  centimetre;  remove  tb« 
ideal  glass  separators  and  diminish  the  distance  to  10~"  of  a  centi- 
metro  (the  thicknesses  of  discs  being  still  10~"  of  a  centimetre).  No*. 
with  these  smaller  distances  between  two  opposed  areas,  make  mettU*" 
contact  throughout  the  column  by  bonding  the  comers  (thediw^f"^ 
convouiouce  being  now  supposed  square) ;  71  thermal  units  *rill  '" 
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immediately  generated,  and  the  discs  will  rim  790°  in  temperatore, 
and  we  have  a  colamn  of  hot  brass — perhaps  solid,  perhaps  liquid. 
This  last  Btatcment  asnunies  that  the  law  of  electric  action,  on  which 
the  table  is  founded,  holds  for  discs  10~*  of  a  centimetre  thick,  with 
tthcr  or  air  spaces  between  them  of  10~°  of  a  centimetre.  In  reality 
it  is  probable  that  the  law  of  electric  actiou  for  discs  lO"'  of  a 
centimetre  thick,  begins  to  merge  into  more  complicated  results  of 
iutcrmolecular  forces,  before  the  distance  is  as  small  as  lO''  of  a 
centimetre. 

Kosnming  our  mental  molecular  micrtiscopic  binocular  (§  16,  foot- 
rote),  we  cannot  avoid  seeing  molecular  structures  bofrinuing  to  Iw 
|)crcc]>tible  at  dixtaiicps  of  the  hundred-millionth  of  a  centintctre,  and 
we  may  consider  it  as  highly  probable  that  the  distance  frota  any 
point  in  a  molecule  of  copper  or  zinc  to  the  nearest  corresponding 
point  of  auotlier  molecule  is  less  than  one  ODe-hundrcd-millionth, 
and  greater  than  one  one-thonsaud-millionth  of  a  centimetre.] 

§  S3.  In  all  thikt  precedes  I  have,  bj  frequent  repetition  of  the 
phrase  "  air  or  ether,'  carefully  kept  in  view  the  truth  that  the  drif 
Volta  oontttct-oloctricity  of  metals  is,  in  the  main,  independent  (jf  tlio 
fihancter  of  the  insulating  medium  occupying  space  arcmiid  and 
between  the  metals  concerned  in  each  experiment,  and  depeuds 
^^asentially  on  the  chemical  and  physical  conditions  of  molecules  of 
mattir  in  the  thin  surface  stratum  between  the  interior  homogcueous 
inetal  and  the  external  space,  occupied  by  ether  and  dry  or  moist 
atmospheric  air  or  any  gas  or  vapour  which  does  not  violently  attack 
the  metal :  or  by  ether  with  vapours  only  of  mercury  and  glass  and 
platiuiun  and  steel  and  vapoline  (caulking  the  glass-stopcocks),  as  in 
iktltomloy's  ciperiments  (§  14  above). 

This  truth  has  always  seemed  to  me  convincingly  demonstrateil 
bj  Volta's  own  exi»eriment«,  and  I  have  never  felt  that  that  cunvictiou 
BMdod  further  foundation ;  though  of  course  I  have  not  considered 
qoiio  needless  or  uniustructivo,  PfaSTs  and  my  own  and  Pellat's 
repetitions  and  verifications,  in  different  gases  at  dififerent  prcsBurcs, 
and  Bottomley's  extension  of  the  demonstration  to  vacuum  of  2.^ 
nillionths  of  an  atmosphere.  I  am  now  much  interested  to  see  by 
Professor  Oliver  Loilge's  report,  already  referred  to  (§  4  above),  that 
in  tbe  Bakeriau  Lecture  to  tlie  Royal  Society  in  1806,*  Sir  Hum- 
phry Davy,  who  had  had  contemponineous  knowledge  of  Volta's 
first  and  second  discoveries,  expressed  himself  thus  clearly  as  t»>  the 
valiility  of  tlio  second  :  "  Before  the  exjHjriments  of  M.  Volta  on  tho 
eluclricity  excited  by  mere  contact  of  metals  were  published,  I  had 
to  a  certain  extent  adopted  this  opinion,"  an  opinion  of  Fabroni's  ; 
"hut  the  new  fact  immcdintcly  proved  that  another  power  mustnecos- 
larily  bo  c<;ncemed.  for  it  was  not  possible  to  refer  tho  electricity 
rxhibitod  by  the  opposition  of  metallic  surfaces  to  any  chemical 
Klt«rationB,  particularly  as  tlie  effect  is  more  distinct  in  a  dry  atmo- 
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sphere,  in  which  even  the  most  oxidifiable  metela  do  not  change,  tbin 
in  a  moist  oue,  in  which  many  metals  undergo  oxidation." 

§  84.  It  is  curioQB  to  find,  thirty  or  forty  years  later,  De  U  Bire 
explaining  away  Volta's  second  diccoyery  by  moistnre  in  the  atrao- 
sphere  1  Fifty-one  years  ago,  when  I  first  learned  Volta's  second  dis- 
covery, by  buying,  in  Paris,  apparatus  by  which  it  has  ever  since  been 
showTi  iu  the  ordinary  lectures  of  my  cIduss  in  the  University  of 
Olasgow,  I  was  warned  that  De  la  Kive  had  found  it  wrong,  and  W 
proved  it  to  ba  due  to  oxidation  of  the  zinc  by  moisture  from  the  air. 
I  soon  tested  the  value  of  this  waminst  by  the  experiments  of  1 5 
above,  and  a  considorable  variety  of  equivalent  experiments,  io  aae 
of  which  (real  or  ideal,  I  ounnot  reineinbor  which),  a  vamishdl  tine 
disc,  scratched  iu  places  and  nioisteuod,  sometimes  on  the  scntcbed 
parts  and  sometimes  where  the  varnish  was  coinplet€,  was  tested  in 
the  nsoal  manner  by  separating  from  cdiitoct  with  an  nnvarnisbed  or 
varnished  copper  disc,  with  or  without  metallic  connection  when  tbe 
discs  were  at  their  nearest. 

[§§  35-40  are  added  in  Feb.  1898.] 

§  35.  Within  the  last  eighteen  or  twenty  years  there  has  been  i 
tendency  among  some  writers  to  fall  back  npon  De  la  Bivo's  old  hTp*>- 
thesis,  of  which  there  are  signs  in  expressions  quoted  by  Professor 
Oliver  Lodge  in  his  great  oad  valuable  report  of  1884,  and  in  sonxi 
Btatomcnts  also  of  Professor  Lodge's  own  views. 

In  what  is  virtually  a  coutin nation  of  this  report  in  the  'Philo- 
sophical Magazine  '  a  year  later,*  we  find  the  followiuj?  with  reference 
to   writings  of  rielmholtz  and   myself  on  the  contftct-electricity  of 
metals :  "  Both  these  contact  theories,  in  explaining  the  Tolta  effect,       i 
ignore  the  existence  of  the  oxiilising  me<Unm  snrronnding  the  motils.  ^M 
My  view  explains  the  whole  effect  as  the  result  of  this  oxygen  batli,  V 
and  of  the  chemical  strain  by  it  set  up."     With  views  seemingly  no- 
changed,  he  returned   to  the  subject  at  the  end   of  1897  witi  tlio 
following  statement  in   the   printed  sylliibus  of  his  '  Six  L(>ctqrcs 
adapted   to  a  Juvenile  Audittiry.  on  the  Principles  of  the  Electric 
Telegraph'  (Royal  Institution,  Dec.  28,  1897.  Jan.  8,  1898). 

"  Chemical  method  of  producing  a  current — Voltaic  cell— Two 
"differently  oxidisnble  metals  immersed  in  an  oxidising  liquid  and 
"  connected  by  a  wire  can  maintain  an  electric  current,  thraogb  tb« 
"  liquid  and  tlirough  the  wire,  so  long  as  the  circuit  is  closed.  [Tb« 
"  8)imo  two  roetala  immersed  iu  a  potentially  oxidising  gas  and  oon- 
"  necteil  by  a  wire,  can  maintain  an  electric  force  or  voltaic  diffisreoo*  ^ 
"  of  potential  in  the  space  between  thcui.] 

"N.B.— No  one  need  try  too  hard  to  understand  santenoes  in 
brackets" 

And  lastly,  after  some  correspondence  which  passed  between  u 

t  Pmf.  O.  LodgB  ■  On  the  Seat  of  tlie  Electromutivo  Forc«  in  a  Voltaie  CdV 
Phil.  Mag.  Oct.  1885,  p.  383. 
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in  December,  I  have  to-day  (Feb.  14),  reoeived  from  him  a  "Blightly 
amplified  etatewoDt  made  in  order  to  conccntrato  the  diffcrencea," 
which  he  kindly  gives  me  for  publication  as  a  supplement  to  the 
shortor  statement  from  the  syllabup. 

Amplification,  February,  1898. 

"There  is  a  true  contact-force  nt  a  zinc-copper  janction,*  which 
"on  a  simple  and  natural  hypothesis  (equivalent  to  taking  an  into- 
"  gration-oonstant  as  zero)  can  be  measured  thermoelectrically  f  and 
"  is  about  J  millivolt  at  10°  0. 

"  A  voltaic  force,  more  than  a  thonsand  times  larger,!  exists  at 
"  the  junction  of  the  metals  with  the  modiiim  Biirrounding  them  ;  and 
"  in  an  ordinary  case  is  calculable  as  the  difierence  of  oxidation- 
"  energies  of  zinc  and  copper  ;  but  it  has  nothing  to  do  with  the  heat 
**  of  formation  of  brass. 

"  Beffreneef  • 

"  Phil.  Mag,  [5]. 

"  vol.^ix.  pp.  3ti0  unci  363,  brass  and  ntoma,  pp. -187  nnd  ^^^,  summary. 

"  vol.  xii.  pp.  270  iind  2'T>,  thcriiiucleclrii;  urjjuiuciit. 

"  voL  xxii.  p.  71,  Ostwald  exiicrimeiit. 

"  Aognat  1S78,  Brown  exiierimeiit." 

§  3G.  With  respect  to  the  first  of  the  two  paragraphs  of  this 
last  statement  and  the  first  two  lines  of  the  second,  the  wrongness 
of  the  view  there  set  fyrtli  is  pointed  out  in  §  24  above.  With 
respect  to  the  last  clause  of  the  second  paragraph  and  the  statement 
qaoted  from  the  syllabus,  I  would  ask  any  reader  to  answer  these 

I  questions  : — 

(i.)  What  would  bo  the  efficacy  of  the  supjwsod  oxygen  bath  in 
the  oxperimonts  of  §  2  above   with   vamisbeii    platen   of  zinc   and 

I  copper?  or  in  Erskine  Murray's  experiment,  descrilied  in  his  paper 
communicated  last  August  to  the  Royal  Society,  iu  which  luotallic 

,  sorfaces,  scraped  under  molted  paraffin  so  as  to  remove  condiiiised 

I  oxygen  or  nitrogen  from  thorn,  and  leave  fresh  metallic  Kurfuccs  in 

I  ooDtaet  with  a  hydro-carbon,  are  9ubjectc<i  to  the  Voltaic  experiment  ? 
or  in  PfalT's  and  my  own  and  Pcllat's  experiments  with  ditlcrent 
gafies,  at  ordinary  and  at  low  pressures,  substituted  for  air?  or  in 
ikittomlcy's  high   vacuum  and  hydrogen  and   oxygen   experiments 

|(514abo'vi..)? 

(ii.)  What  would  bo  the  result  of  Volta's  primary  experiment, 

'  shown  ut  the  commencement  of  my  lecture  (i  1  above),  if  it  hud  been 
pcrfonnod  in  some  locality  of  the  universe  a  thousand  kilomutres 
sway  from  any  place  where  there  is  oxygon?  The  insulators  may 
bo  Kuppooed  to  bo  made  of  rock-salt  or  holid  paraffin,  so  that  there 
Buy  b«  no  oxygen  in  auy  part  of  the  apparatus.  This  I  soy  because 
1  DiiderstAud   that  some  anti-VoitaistK  have  explained    i'ottouiley's 


■  Sea  footDote  on  §  ]6  above.    K,  Feb.  14,  1896. 
t  6m  $  31  aliove.    K,  Feb.  14,  IK98. 
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experiments  by  tho  preseacd  of  ▼apoar  of  silica  from  tho  gloss,  eup- 
pljiiig  the  Biippoflodly  needful  oxygen ! 

§  37.  The  (inti-Vttltaists  Seem  to  b»ve  a  supeistitious  Teneratioa.1 
for  oxygen.      Oxygen  is  entitled   to  respect  because  it   constitute«T 
50  per   cent,  of  all  the  chemical  elements  in  the  earth's  crust ;  bnt , 
tliis  gives  it  no  title  for  crtdit  as  coefficient  with  zinc  and  copper  iii| 
tbo  dry  Volta  experiment,  when  there  ih  noue  of  it  th'jre.     Oiygoa! 
has  mrire  Bfiiuity  for  zinc  than  for  cop{>er  ;  ho  hiis  chloriac  and  so  liacj 
iodine.     It  is  partially  trae  that  diderent  metals — gol<l,  silver,  piati- 
uura,   copper,    iron,    nickel,    bismuth,    antimony,    tin,    lead,    zinc,l 
aliimininni,  sodium — are  for  dry  Volta  contact  electricity  in  the  order' 
of  their  affinities  for  oxygen  ;  but  it  is  probably  quite  as  nearly  tme 
that  they  are  in  tho  orvler  of  their  affinities  for  sulphur,  or  for  oxj- 
Bulpfaion  (SO4)  or  for  phosphoms  or  for  chlorine  or  for  bromine.     It 
may  or  may  not  be  true  that  metals  can  be  unambiguously  arrange<l 
in  order  of  their  affinities  for  any  of  these  named  substances ;  it  if  1 
certainly  true  that  they  cannot  be  definitely  and  wtre/y  arranged  in( 
respect  to  their  dry  Volta  contact-electricity,     Murray's  bornisliing,  J 
performed  on  a  metal  which  has  been  treated  with  Pollat's  vrashing  ' 
vrith  alcohol  and  subsequent  scratching  and  polishing  with  emvty, 
alters  the  Volta  quality  of  its  surface  far  more  than  enoi^h  to  chango 
it  from  beh)W  to  above  several  metals  polished  only  by  emery ;  auil, 
in  fact,  Pellut  had  discovered  largo  difforences  due  to  molecular  wd- 
(lition  without  chemicaldiffercDce,  before  Murray  extended  this  fuuila- 
mcntal  discovery  by  finding  the  effect  of  burnishing. 

§  38.  Eeturniug  to  Professor  Loilgo's  suppose*!  oxygen  bath  (J  35) ;  \ 
if  it  exists  between  the  zinc  and  copper  plates,  it   diminishes  or 
annuls  or  reverses  tho  phenomenon,  to  explain  which  be  iuvukes  it« 
})rc8ence  (see  §  5  above). 

§  39.  Many  years  ago  I  fonnd  that  ice,  or  hot  glass,  prasedl  on ' 
opposite  sides  by  polishe^l  zino  and  copper,  produced  deviations  frotn 
the  metallic  zero  of  tho  qnatlrants  of  an  electrometer  mctallicilly 
oonuected  with  them  in  the  same  direction  as  if  there  bad  t>oon  water 
in  place  of  the  ice  or  hot  glass.  From  this  I  inferred  that  ice  Knil 
hot  glass,  both  of  which  had  been  previously  known  to  have  notaUo 
electric  conductivity,  acted  as  electrolytic  conductors, 

£xj)crLments  made  by  Maclean  and  Goto  in  tho  Physical  Labo- 
ratory of  tlic  University  of  Glasgow  in  1890,'  proved  thai  polisheJ 
zinc  and  polished  copper,  with  fmnes  passing  np  between  them  fn>ni 
tho  flame  of  a  spirit-lamp  30  centimetres  below,  g»ve,  when  metallic- 
ally connected  tu  the  quadrants  of  an  electrometer,  deviations  fn>ni 
the  metallic  zero  in  the  same  direction,  and  of  nearly  the  same  amount, 
as  if  culd  water  had  been  in  place  of  the  flame.  This  proved  tiul 
flame  acted  as  an  electrolytic  conductor.  They  also  fonnd  that  hot  air 
from  a  large  red-hot  soldering  bolt,  put  in  the  place  of  tho  spirit  Um}", 
had  no  such  effect ;  nor  had  breathing  upon  tho  plates,  nor  the  rapour 
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of  hot  water,  any  effect  of  the  kind.  Id  faot  hot  air,  and  either  cloudy 
or  clear  steam,  act  as  very  excellent  insnlatorB ;  but  there  is  some 
vonderful  agency  in  fumes  from  a  flame,  remaining  orcn  in  cooled 
fumes,  in  virtue  of  which  tha  electric  effect  on  zinc  and  copper  ia 
nearly  the  same  as  if  conttniious  wutor,  instead  of  fumes,  were  between 
the  plates  and  in  contact  with  both.* 

A  similar  conclusion  in  respect  to  air  traversed  by  nltra-violet 
light  was  proved  by  Righi,  |  Hallwochs,  J  Elster  and  Geitel,  §  Bninly.  || 
The  same  was  proved  for  ordinary  atmospheric  air,  with  Routgen 
rays  traversing  it  between  plates  of  zinc  and  copper,  by  Mr.  Erskine 
Murray,  in  an  experiment  suggested  by  Professor  J.  J.  Thomson,  and 
carried  out  in  the  Cavendish  Laboratory  of  the  University  of  Cam- 
bridge.f 

§  10.  The  substitution  for  ordinary  air  between  zinc  and  copper,  of 
ioe  or  hot  glass,  or  of  air  or  gas  modified  by  flame  or  by  ultra-violet 
rayR,  or  by  Rontgcu  rays,  or  by  uranium  (§§  41,  42  beluw),  gives  us, 
no  doubt,  what  would  to  some  degree  fulfil  Professor  Lodge's  idea  of  a 
**  potentially-oxidising "  gas,  and  each  one  of  the  six  fails  wholly  or 
partially  to  "maintain  electric  force  or  voltaic  difference  of  potential 
in  the  spaco  between  them."  In  fact.  Professor  Lodge's  bracketed 
•entence,  su  fur  as  it  can  be  understood,  would  be  nearer  the  truth  if 
in  it  "  cannot "  wore  aubetitnted  for  "  can."  I  hope  no  reader  will 
consider  tliis  sentence  too  short  or  sliarp.  I  am  quite  sure  that  Pro- 
fecBor  Lodge  will  approve  of  its  tone,  because  in  his  letter  to  me  of 
the  14th,  he  says,  "  In  case  of  divergence  of  view  it  is  best  to  have 
both  aspects  stuted  as  crisply  and  distinctly  as  possible,  so  as  to 
emphasise  the  difference."  I  wish  I  could  also  feel  sure  that  he  will 
•gno  with  it,  but  1  am  afraid  I  cannot,  because  in  the  same  letter  be 
■ays,  "  I  am  still  unrepentant." 


^P  Continuation  of  Lecture  of  May  21,  1897. 

9  41.  In  conclusion,  I  bring  before  you  one  of  the  most  won* 
derful  discoveries  of  the  century  now  approaching  its  conclusion, 
B»do  by  the  third  of  three  great  men,  Antoine  Becquerel,  Edmond 

IBocqucrel,  Henri  BecqHcrel — father,  son  and  grandson — who  by  their 
inTcotive  genius  and  persevering  labour  have  worthily  contributed  to 
the  tiital  of  tlie  scientific  work  of  tbeir  time ;  a  total  which  has 
rrodcrrHl  the  nineteenth  century  more  memorable  than  any  one  of  all 
the  twcuty-three  centuries  of  scientific  history  which  preceded  it, 
•xoepting  the  seventeenth  century  of  the  Christian  era. 
You  see  this  little  box  which  I  hold  in  my  right  hand,  just  as  I 
received  it  three  months  ago  from  my  friend  Professor  Moissan,  who 
will  be  bore  this  day  week  to  show  you  his  isolation  of  floorine.  U 
1 


•  Kotrin  and  >rarlcan,  B.8.E.  1807. 
I  Wl»kiaaDii*f  ADDklen.  34,  1888. 
I  OonipiM  Kanda*.  1688.  1890. 


t  Rend.  R.  Ace.  del  Linoei,  1888,  1889. 

$  Ibid.  36.  41.  1888. 

\  Pioc.  B.B.  March  1896. 
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indnoes  electric  condQctivitj  in  the  nir  all  round  it.  If  I  were  to 
afaow  70a  an  exjMrimeat  proving  this,  yon  might  aay  it  is  witchcrtft 
But  here  is  the  witch.  Ton  see,  when  I  ofieD  the  box,  a  piece  of 
nraniam  of  about  the  size  of  a  watch.  This  production  of  eleclrio 
coadnctance  in  air  is  only  one  of  many  marvels  of  the  '*  uraDinia 
rays"  discovered  a  year  ago  by  Henri  Becquerel,  of  no  other  of 
which  can  I  now  speak  to  you,  except  that  the  wood  and  paper  of 
this  box,  and  my  hand,  are  to  some  degree  transparent  for  them. 

I  now  take  the  uranium  out  of  its  box  and  lay  it  on  this  hori- 
zontal copper  plate,  fixed  to  the  insulated  electrode  of  the  electrometer. 
I  fix  a  zino  plate,  supported  by  a  metal  stem  which  is  in  metaliio 
connection  with  the  sheath  of  the  electrometer,  horizontally  over  the 
copper  plate  at  a  distance  of  about  one  centimetre  from  the  top  of  tb« 
uranium.  Look  at  the  spot  of  light ;  it  has  already  settled  to  verj 
nearly  the  position  which  yon  remember  it  took  when  we  had  1 
water-arc  between  the  copper  and  zino  plrtes,  connected  as  no», 
copper  to  insulated  quadrants  and  zinc  'o  tl-e  sheath-  I  now  lift 
the  uranium,  insulating  it  from  the  copper  plate  by  three  very  small 
pieces  of  solid  paraffin,  so  as  to  touch  neither  plate,  or,  again,  to 
touch  the  zino  but  not  the  copper.  This  change  makes  but  Iittl« 
difieronce  to  the  spot  of  light.  I  tilt  the  uranium  now  to  toacli  the 
zinc  above  and  the  copper  below;  the  spot  of  light  cnmes  to  tbe 
metaliio  zero  as  nearly  as  you  can  see.  I  leave  it  to  itself  n«v, 
resting  on  its  paraffin  supports  and  n(jt  touching  the  zinc,  aud  tbe 
spot  of  light  goes  back  to  where  it  was;  showing  about  three-quartert 
of  a  volt  positive. 

§  42,  I  now  take  this  copper  wire,  which  is  metallically  connected 
with  the  zinc  plate  and  the  sbcath  of  the  electrometer,  and  bring  it  to 
touch  the  under  side  of  the  copper  shelf  on  which  the  uranium  is  rap- 
j)':)rted  by  its  parafiBn  insulators.  Instantly  the  spot  of  light  mores 
towards  the  metallic  zero,  and  after  a  few  vibrations  settles  there.  I 
break  the  contact ;  instantly  the  spot  of  light  begins  to  retam  to  its 
previous  position,  where  it  settles  again  in  less  than  half  a  miDnto. 
You  see,  therefore,  that  if  1  re>mako  and  keep  made  the  metaliio 
contact  between  the  zinc  and  copper  plates,  a  current  is  continaonBly 
maintained  through  the  connecting  wire,  by  which  heat  is  genented 
and  radiated  away,  or  carried  away  by  the  air ;  as  long  as  tbe  cod- 
tact  is  kept  made.  What  is  the  source  of  the  energy  thus  prodaoed  ? 
If  wo  take  away  the  uranium,  and  send  cool  fumes  from  a  cpirit- 
lamp,  or  shed  Rontgon  rays  or  ultra-violet  light,  between  the  xioo 
and  copper,  the  results  of  breaking  and  making  contact  would  be  joft 
what  you  see  with  nraniuni.  80  would  they  be — you  have  alreaJy< 
in  fact,  seen  them  (§  5) — without  either  Kiintgen  rays  or  ultn-Tioli'l 
light,  but  with  the  copper  and  zinc  a  little  closer  together  and  iritk 
a  drop  of  water  between  them :  and  so  would  they  be  with  dry  iw, 
or  with  hot  glass,  between  and  touched  by  the  zinc  and  copper.  In 
each  of  these  six  cases  we  have  a  source  of  energy ;  the  well-knon 
eluotro-chemical  energy  given  by  the  oxidation  of  sine  in  the  lo' 
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mentioDed  three  oases ;  and  the  energy  dra\m  upon  by  the  cooled 
fumes,  or  by  the  Rdntgen  rays  or  ultra-violot  light,  acting  in  soma 
hitherto  unexplained  manner,  in  the  three  other  caees.  We  may 
conjecture  eTaporations  of  metals;  we  have  but  little  confidence  in 
the  probability  of  the  idea.  Or  does  it  depend  on  metallic  carbides 
mixed  among  the  metallic  nraniom  ?  I  venture  on  do  bypotlieaie. 
Mr.  Beoqnerel  has  given  irrefragable  proof  of  the  truth  of  his  dis- 
covery of  radiation  from  uranium  of  something  which  wo  must  admit 
to  be  of  the  same  species  aa  light,  and  which  may  bo  compared  with 

fboephorescence.  When  the  energy  drawn  upon  by  this  light  is 
Down,  then,  no  doubt,  the  quasi  clootrolytic  phenomena,  induced  by 
Qrauiam  in  air,*  which  you  have  seen,  will  be  explained  by  the  same 
dynamical  and  chemical  principles  as  those  of  the  proviously  known 
electrolytic  action  of  cooled  fumes  from  a  spirit-lamp,  and  of  air 
trftvBiaed  by  Bontgen  rays  or  nltra-violet  light 


k 


AppENnrx. 


On  a  Method  of  Meaturing  Contact  Etectricily,^ 


ia  my  reprint  of  papers  on  Electrostatics  and  Magnetism  (S  400,  of 
original  date,  January  1862)  1  described  briefly  this  method,  in  con- 
iwetion  with  a  new  physical  principle,  for  exhibiting  contact  elec- 
tricity by  means  of  copper  and  zino  quadrants  substituted  for  the 
mttform  brass  quadrants  of  my  quadrant  electrometer.  In  an  extensive 
■eries  of  experiments  which  I  made  in  the  years  1859-61,  I  hud  used 
the  same  method,  but  with  movable  discR  for  the  contact  electricity, 
after  the  method  of  Voltti,  and  my  own  quadrant  electrometer  substi- 
tnted  for  the  gold-leaf  clootroBcope  by  which  Volta  himself  obtained 
bis  electric  indications. 

I  was  on  the  point  of  transmitting  to  the  Boyal  Society  a  paper 
which  I  had  written  describing  these  experiments,  and  which  1  still 
have  in  manuscript,  when  I  found  a  paper  by  Haukel  in  Poggeuslorfs 
'Annalen'  for  January,  1862,  in  which  results  altogether  in  accord- 
ance with  my  own  were  given,  and  I  withheld  my  paper  till  I  might 
be  able  not  merely  to  describe  a  new  method,  but  if  possible,  odd 
~^iiig  to  the  available  information  regarding  the  properties  of 


•  K«p<rrimenli  made  in  the  Physiral  Lnbomtory  of  the  Univeriity  of  Glasgow 

I  J  33  of  Kelvin,  lk>attie  and  Btuolftn,  Proc.  B.S.E. ;  also  'Nuture,'  March  II, 
W7,  Mid  Phil.  Mug.  Maroh  ISEiS]  show  this  electmlytitr  criDductivity  to  be 
piodneod  by  uniaium  to  nearly  tbn  same  nnount  to  cotniaon  air  oxygan  and 
carbonio  aoid;  and  to  about  one-thini  of  tlic  eame  amount  in  hydroireti,  %t 
fiRlinafT  atnmpheric  preMure:  but  only  to  about  ^^^  of  this  amount  in  each  of 
Umm  four  gaara  at  pressnres  of  2  or  3  milliiuvtres.  Tli«;re  seemi  every  reiuon 
to  tialtere  that  it  would  be  aon-«zistent  io  brj^h  TocDam,  ancb  as  tbat  reached  by 
Battorid<'y  in  hia  Volta-oonttict  experimentd  (§14  above). 

t  >'ir»t  publiKbed  in  the  Britiab  Aiigociation,  Sntnisca  meeting,  Augnit  1880, 
'  >Naiurr.'  April  4.  1881 
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matter  to  be  foand  in  Hankers  paper.  I  have  made  many  eipori- 
ments  from  time  to  time  since  18C1  by  the  game  method,  but  have 
obtained  rei^nlts  merely  confirmatory  of  what  had  been  pablishe<l  b; 
PfaiT  in  1820  or  1821,  showing  the  phenomena  of  contiict  electricitj 
to  be  independent  of  the  snrroanding  gas,  and  agreeing  in  the  main 
with  the  numerical  values  of  the  contact  differences  of  different  metals 
which  Hankel  had  published ;  and  I  have  therefore  hitherto  published 
nothing  except  the  slight  statements  regarding  contact  el«ictrici^^| 
which  appear  in  my  '  Electrostatics  and  Magnetism.'  As  interest  bi^H 
been  recently  revived  in  the  subject  of  contact  electricity,  the  folio*- 
ing  description  of  my  method  may  poasibly  prove  useful  to  experi- 
menters. The  same  method  has  been  used  to  very  good  effect,  bat 
with  a  Bohnenberger  electroscope  instead  of  my  quadrant  electrometer, 
in  researches  on  contact  electricity  by  Mr.  II.  Pellat,  described  in  tba 
•Journal  de  Physique"  for  May  1880. 

The  apparatus  used  in  these  experiments  was  designed  to  eeonn 
the  following  conditions :  To  support,  within  a  metallic  sheath,  two 
circular  discs  of  metal  about  four  inches  in  diameter  in  such  a  waj 
that  the  opposing  surfaces  should  be  exactly  parallel  to  each  other 
and  approximately  horizontal,  and  that  the  distanoe  between  them 
might  be  varied  at  pleasure  from  a  shortest  distance  of  aboxtt  one- 
fiftieth  of  an  inch  to  about  a  quarter  or  half  an  inch.  This  part  of 
the  apparatus  1  have  called  a  "  Volta-condenser."  The  lower  plate, 
which  was  the  insulated  cue,  was  fixed  on  a  glass  stem  rising  from 
the  centre  of  a  cast-iron  sole  plate.  The  upper  plate  was  snspendeii 
by  a  chain  to  the  lower  end  of  a  brass  rod  sliding  through  a  steady- 
ing socket  in  the  upper  part  of  the  sheath.  An  arljustable  screw  uo 
this  stem  prevents  the  upper  plate  from  being  let  down  to  nearer  than 
about  oue-fiftieth  of  an  inch,  or  whatuvor  shortest  ilistance  may  be 
wanted  in  any  particular  case.  A  stout  brass  tlange  fixed  to  the 
lower  end  of  this  rod  bears  three  screws,  one  of  which  S  is  sho^Q  is 
the  drawing,  by  which  the  upper  plate  can  be  adjusted  to  panlldiim 
to  the  lower  plate.  The  other  apparatus  used  consisted  of  a  qnadrant 
electrometer,  and  in  my  original  experiments  an  ordinary  Daniell* 
cell,  in  my  later  ones  a  gravity  Danioll's  cell  of  the  form  which  I 
described  iu  *  Proc.  E.S.'  1871  (pp.  253-259),  with  a  divider  by  which 
any  integral  number  of  per  cents,  from  0  to  100  of  the  electromoti" 
force  of  the  cell  could  be  established  between  any  two  mutually  imw 
luted  homogeneous  metals  in  the  apparatus.  i 

dmnections. — The  insulated  plate  was  connected  by  a  brass  wire 
pRssing  through  the  ease  of  the  Vulta-coudenser  to  the  clectrtnl*  of 
the  insulated  pair  of  quadrants.     The  upper  plate  was  connectwl  C 
the  metal  sheath  of  the  Volta-conctenser,  and  to  the  metal  case  of  tbn 
electrometer,  one  pair  of  quadrants  of  which  were  also  oonneoted  U      I 
the  case.     One  of  the  two  terminals  of  the  divider,  connected  tolt*    j 
poles  of  the  cell,  was  connected  to  the  cose  of  the  electrometer'    ''^H 
the  third  terminal  (the  bar  carrying  the  slider)  was  attached  ou<<i^H 
the  contact  wires,  which  was  a  length  of  copper  wire  having  soUern^H 
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to  its  OTtter  end  a  short  piece  of  plaliuiin].  The  other  contact  enrfaoe 
WM  a  fiimtlar  short  piece  of  platinum  fixed  to  the  insulated  electrode 
of  the  electrometer.  Hence  it  will  bo  seen  that  metallic  connection 
between  the  two  plates  was  effected  by  putting  the  divider  at  zero  and 
bringing  into  contact  the  two  pieces  of  jilatinnm  wire. 

Order  of  Experiment. — The  sliding  piece  of  the  divider  was  pnt 
to  zero,  and  contact  made  and  broken,  and  the  upper  plate  raised : 
then  the  deSoction  of  the  spot  of  light  was  observed.  ThcRO  opera- 
tions were  repeated  with  the  sliding  piece  at  ditTcrent  nambers  on 
the  divider  scale,  nntil  one  was  found  at  which  the  make-break  and 
separation  cansed  no  perceptible  deflection.  The  number  thus  found 
on  the  divider  scale  was  the  percentage  of  the  electromotive  force  of 
the  Daniell  cell,  which  was  equal  to  the  oontoot  electric  difierenoe 
of  the  plates  in  the  Volt-coudenser. 

[Addendum,  November  23,  1880. — Since  the  comninnioation  of 
tliis  paper  to  the  British  Association,  I  have  found  that  a  dry  plati- 
num disc,  kept  fi)r  some  time  in  dry  hydrogen  gas,  and  then  put  into 
its  position  in  dry  atmospheric  air  in  the  apparatus  for  contact  elec- 
tricity, becomes  positive  to  another  platinum  disc  which  had  not 
been  so  treated,  bnt  had  simply  been  left  undistnrboil  in  the  apparatus. 
Tho  positive  quality  thus  produced  by  the  hydrogen  diminishes 
gradually,  and  becomes  insensible  after  two  or  three  days.] 

P.8.— -On  December  24, 1880,  one  of  two  platinum  plates  in  the 
Volta-condenser  was  taken  out ;  placed  in  dried  oxygen  gas  for  forty- 
five  minutes ;  taken  ont,  carried  by  hand,  and  replaced  in  tho  Yolta- 
condeuser  at  12.30  on  that  day.  It  was  then  found  to  be  negative 
to  tho  platinum  plate,  which  had  been  left  niidisturl>cd.  Tho  amount 
of  the  difference  was  about  •  33  of  a  volt.  The  plates  were  loft  un- 
disturbed for  seventeen  minutes  in  the  condenser,  and  were  then 
tested  again,  and  the  difference  was  found  to  have  fiiUon  to  -29  of  a 
▼olt.  At  noon  on  tho  25th  they  were  again  te6te<l,  and  the  difference 
fonnd  to  be  'IS.  Tho  differences  had  been  tested  from  time  to  time 
■inoe  that  day,  the  plates  having  been  left  in  the  condenser  nndis- 
torbed  in  the  intervals.  The  following  table  shows  the  whole  serioB 
l«f  these  results  :— 

I  Electric  dlfferraoe  )wtwv*n 

I  nirfwc*  of  a  plttlnuni  p|jit«  In 

■  Tim*.  lutural  conditlun,  and  a  |iUllnnia 

■  pUle  (fKT  45  niiiiu(4ra'  exptcora 

■  u>  drr  oiygtn  ga*. 

I  D«o.  24,  12.30  p.m 'SSofavolt.  _ 

I  24,  12.47  p.m 29  „  ■ 

H^H  25,  noon        '18 

^^^k  27,  omm        '110  n 

^^F  28,  11.20  a.m '097  „ 

W  31.  noon        '047  „ 

W  Jan.    4,  H.OS.ID -042  „ 

I  11,  11.40  am '020  „ 

I  Mr.  Rennie,  by  whom  those  experiments  were  made  during  the 
■•o«Dt  Christmas  holidays,  had  proriously  experimented  on  a  pl&tinam 
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plate  which  had  been  made  the  poBitive  pole  in  an  eleotrolytio  oell 
with  an  electromotive  force  of  one  volt,  tending  to  decompofle  water 
aoidolated  with  snlphnrio  acid ;  the  other  pole  being  a  piece  of  plati- 
nam  wire.     After  tiie  plate  had  been  one  honr  nnder  this  inflaence 
in  the  electrolytic  cell  he  removed  it,  and  dried  it  by  lightly  robbing 
it  with  a  piece  of  linen  cloth.     He  then  placed  it  in  the  Yoltt- 
condenser,  and  foond  it  to  be  negative  to   a  platinom  plate  in 
ordinary  condition ;  the  difference  observed  was  '27  of  a  volt.    Thii 
experiment  was  made  on  October  21 ;   and  on  November  8  it  wts 
found  that  the  difference  had  fallen  from  *27  to  -07.     Mr.  Bennie 
also  made  similar  experiments  with  the  platinum  disc  made  the 
negative  pole  in  an  electrolytic  cell,  and  foond  that  this  rendered 
the  platinnm  positive  to  nndistorbed  platinnm  to  a  degree  eqotl 
to  about  -  04  of  a  volt.     The  effect  of  soaking  the  platinum  plate  in 
dry  hydrogen  gas,  alluded  to  in  my  first  poetsoript,  which  aiao  mf 
observed  by  Mr.  Sennie,  was  found  to  be  about  '11  of  a  volt    Thai 
in  the  case  of  polarisation  by  hydrogen,  as  well  as  in  the  oate  of 
polarisation  by  oxygen,  the  effect  of  en>oenre  to  the  dry  gas  ww 
considerably  greater  than  the  effect  of  electro-plating  the  juatinna 
with  the  gas  by  the  eleotromotiTe  foioe  of  one  vtut. 

PL] 
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PRorBBSOB  DiwAR,  M.A.  LL.D.  F.R.S.  M.B.I. 
Fallorian  Professor  of  GbomiBtry  B.I. 

Properlies  of  Liquid  Oxygen. 


I 

Wfeoua  Ab$orpiion. — Dnring  recent  years  a  great  deal  of  research 
Seen  directed  to  tho  study  of  what  aiay  bo  called  the  low  tempera- 
absorption  spoctrani  of  gaseous  and  liquid  oxygon.  It  has  been 
rn  that  gaseous  oxygen  gives  two  typos  of  absorption  spectrom,  one 
posed  of  a  number  of  well-dofined  groups  of  lines  of  czquisiti;  sym- 
ry,  like  tho  groat  groups  A  and  B  of  tho  solar  spoctruia,  the  other 
ands  relatively  broad  and  more  or  loss  black.  The  baud  spectrum  is 
cially  marked  in  gasooua  oxygen  under  high  pressure,  and  Janssen 
shown  that  tho  intensity  of  absorption  in  different  columns  of 
under  diiferent  pressure  is  identical  when  the  longth  muUiplied 
the  square  of  tho  density  is  tho  same  in  each  case.  Tho^band 
is  most  easily  soon  is  one  in  the  yello«r,  and,  in  order  just  to  sea 
8  metres  of  oxygen  under  II  atmospheres  pressure  (or  11  times 
density  under  ordinary  pressure)  must  bo  traversed  by  white  light 
tre  it  enters  tho  spectroscope.  From  this  reuult  and  JanBSvn's  law 
given,  it  follows  that  in  order  to  detect  tho  samo  band  in  a 
imn  of  gaseous  oxygen  at  atmospheric  pre^suru,  it  would  require  to 
iS178  metres  long  or  abuut  1,^  miles.  Tbo  question  arises  what 
lid  be  the  length  of  au  oxygen  tube  at  atmotiplieric  pressure,  cqui- 
oit  to  the  absorption  of  a  beam  pansing  vortically  through  the 
li's  atmosphere.  This  problem  has  been  answered  by  Janesen, 
I  has  shown  that  an  oxygen  column  172  metres  long  would  have  a 
ilar  action.  It  follows  at  once  from  this  result  that  tho  baud  in 
yellow  cannot  bo  soon  in  the  spectrum  of  tho  midday  sun,  as 
onld  require  a  column  of  oxygen  at  least  twelve  timce  longer  in 
a  to  make  it  visible;  but  that  it  ought  to  be  seen  provided  the 
was  obserred  near  tho  horizon.  When  the  sun  is  4°  above  the 
[son,  the  depth  of  atmosphere  the  rays  have  to  penetrate  is  about 
Ive  times  that  of  the  zouithal  thickness.  This  theoretical  result 
Hen  has  confirmed  by  a  series  of  observations  made  at  sunrise 
be  dry  air  of  the  Desert  of  Sahara. 

Liquui  Abtorption. — Both  types  of  spectra  are  well  marked  in  the 
)trniii  of  liquid  oxygen,  the  only  marked  differonoe  being  that  the 
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liquid  kbeorptioD  known  as  A  and  6  of  FranenhoSer  appear  oo«  «s 
bands  with  sharp  edges  on  the  less  refrangible  side,  fading  awa; 
gradnally  towards  the  more  re&angible,  which  is  jast  the  opposite 
character  to  that  of  the  gaseous  absorption  of  the  same  groups.    Tbe 
change  from  the  gaseous  to  the  liquid  state  has  not  caused  any  material 
alteration  in  the  general  character  of  the  absorption  from  what  it 
was  under  high  gaseous  compression.     The  question  may  therefore 
naturally  be  put,  docs  Janssen's  law  expressing  the  relation  of  abenrp- 
tion  and  density  in  the  gnseoue  state  extend  to  the  liquid  condition? 
This  may  be  answered  by  calculating  what  thickness  of  the  liquid  tt 
its  boiling  point,  taken  as  being  800  times  denser  than  the  gas  tl 
ordinary  temperatures,  would  be  required  (provided  the  sante  law  held) 
to  render  visible  the  absorption  band  in  the  yellow.     The  resulting 
number  is  about  3*4  mm.,  and  this  is  confirmed  by  laboratory  experi- 
ments which  show  that  between  3  and  4  mm.  thickness  of  liquid  oxygen 
tkt  —  1S3°  is  sufficient  to  cause  the  appcar&uco  of  this  band.     Thosit 
appears  JanRson's  law  extends  to  the  liquid  condition,  the  square  of 
the  density  still  defining  the  intensity  of  the  absorption.     It  is  pro- 
luble  that  the  band  spectrum  has  its  origin  either  in  complex  mole* 
ciiles  generated  by  condensation,  or  it  may  originate  from  encounter! 
between  molecules  of  the  ordinary  mass  which  become  more  frequent 
when  the  &ee  path  is  diminished.     The  following  table  gives  tbe 
results  of  observations  (made  with  my  colleague  Prof.  Liveing)  in 
order  to  find   tbe  gaseous  jpressnre  required   to   originate  dcfiiiile 
absorption  bands  together  with  some  data  of  liquid  absorption. 


ofStod. 

Atmocphnic 

Pitiisiire. 
IS-mcin  tnbe. 

Atmrvpberic 

Pi«iiiirt. 

l-W-melfetnbc. 

Atmoqibiiric 

Pnianire. 

3178  iMlrc*  tobe. 

U«Bti 

A 

B 

5785 
(yellow  band) 

63001 
4700/ 

53501 
4470/ 

1 
12 
11 

20 
30 

20 
40 
35 

110 

1 

SOmn.    { 

StoiBB. 

\ 

The  gaseous  oxygon  in  the  1  •  65-metro  tube  under  85  atmospben* 
compression  appears  to  bo  very  transparent  for  violet  and  ultra-violet 
up  to  the  wave-length  2745,  or  about  the  limit  of  the  magnesiina 
spark  spectrum.  When  the  pressure  was  increased  to  140  atow- 
spheres  the  ultra- violot  absorption  was  complete  beyond  wave-len^ 
2704.  In  the  18-metre  tube  with  the  oxygen  under  90  atmospbeta 
pressure,  a  faint  absorption  band  appeared  about  L  of  tbe  «olv 
si>cctrum,  a  strong  one  between  3640  and  3600  wave-leogtb,  ud  > 
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diffoso  b«nd  ftbont  tbo  solar  line  O  witli  complete  sbeorption  beyond 
P.  The  inteDsity  of  the  absorption  in  the  latter  case  was,  following 
Janssen,  4j^  times  what  it  was  under  the  highest  pressure  in  the 
ehort  tube.  From  this  wo  should  infer  that  in  the  liqmd  state 
medium  thicknesses  like  a  oontimetre  or  two  would  bo  transparent  to 
the  ultra-violet,  but  depths  of  10  to  20  cm.  would  beooma  more 
and  more  opaque.     Actual  experiments  confirm  this  suggestion. 

Thus  the  passage  of  light  through  a  layer  of  liquid  3  to  4  mm. 
thick  is  sufficicut  to  cause  visible  absorption  in  the  yellow,  while  it 
requires  more  than  fivo  hundred  thousand  times  this  thickness  of 
oxygen  gas  at  atmospheric  pressure  to  do  the  same  thing.  Provided 
the  density  of  the  oxygen  gas  is  much  below  that  corresponding  to 
the  atmosphere,  then  an  enormous  thickness  of  gnscons  oxygen  wonld 
be  required  to  cause  any  visible  absorption.  This  may  explain  why 
such  a  spectrum  is  not  shown  in  snnlight,  quite  independently  of  the 
earth's  atmosphere,  provided  we  assume  that  any  oxygen  in  tie  solar 
atmosphere  must  have  a  relatively  small  density. 

Absorption  of  Liquid  Air. — If  the  surface  of  the  earth  was  cooled 
tu  below  —  200°  0.  then  the  atmosphere  would  liquefy,  and  the  ocean 
of  liquid  air  would  form  a  depth  of  about  SO  to  35  feet.  The  actual 
proportionate  depth  can  be  experimentally  observed  by  taking  a  tube 
about  62  feet  long,  or  about  ^^th  part  of  the  height  of  the  homo- 
geneons  atmosphere,  and  cooling  one  end  to  —  210",  when  about 
I  inch  of  liquid  is  obtained.  Of  this  liquid  air  layer,  about  6  to 
7  feet  may  be  taken  as  the  equivalent  of  the  oxygen  portion.  A 
question  of  considerable  interest  arises  as  to  the  effect  of  the  presence 
of  liquid  nitrogen  on  the  oxygen  absorption;  although  nitrogen  is 
colourless  yet  the  dilution  of  the  liquid  oxygen  in  a  neutral  solvent 
has  altered  the  conccatration  of  the  coluur-absurbiug  medium.  In 
order  to  examine  into  this  matter  Professor  Liveing  and  the  author 
compared  the  absorption  of  1*9  cm.  of  liquid  air  with  0*4  cm.  of 
liquid  oxygon,  or  the  proportionate  thickness  of  oxygen  which  the 
layer  of  1  '9  cm.  of  liquid  air  contains.  The  light  which  bad  passed 
through  the  latter  was,  by  means  of  a  reflecting  prism,  brought  into 
the  field  of  view  of  the  spectroscope  at  the  some  time  with  that 
trhich  bad  passed  through  the  liquid  air.  The  positions  of  the  lamps 
were  then  adjusted  so  that  the  brightness  of  the  spectra  of  those 
|mrts  where  there  were  no  absorption  bands  was  equal  in  the  two 
■pectra.  Under  these  circumstances  it  was  seen  that  the  absorption 
bkads  wero  very  much  more  strongly  developed  by  0 '  4  om.  of  liquid 
oxygen  than  by  five  times  that  thickness  of  liquid  air. 

Another  sample  of  liquid  air  was  rapidly  mixed  with  an  equal 
volame  of  liquid  oxygon,  and  the  absorption  of  this  liquid  compared 
M  before  with  that  of  liquid  oxygen.  It  was  seen  that  the  absorption 
of  2' 4  om.  of  the  mixture  was  much  greater  than  that  of  0*4  cm.  of 
liquid  oxygon.  The  density  of  the  liquid  oxygen  in  the  mixture 
was,  in  fact,  throe  times  that  in  pure  liquid  air,  and  by  an  extension 
of  Janaaon's  law  to  liquid  mixtures  the  absorption  shoold  havo  been 
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increased  ninefold.  The  observationa,  8o  for  as  they  go,  aooord  with 
this  theory.  In  order  to  examine  the  efieot  of  tempemtore,  the  ah* 
BorptiuQ  of  a  thickneea  of  3  cm.  of  liquid  oxygen  boiling  under  1  cm. 
premire,  or  at  a  temperature  of  —  210°,  was  compared  with  a  like 
thickness  of  the  liquid  boiling  at  atmospheric  preesore.  With  tli6 
colder  liquid  the  bands  in  the  orange  and  yellow  were  Bensiblj 
widened,  mainly  on  th^  more  refrangible  side ;  the  faint  band  in  the 
green  was  plainly  darker,  and  the  band  in  the  blue  appeared  wiBW- 
what  stronger.  The  difference  between  the  temperatures  of  the  tvo 
liquids  was  about  27%  or  approaching  to  one-third  the  absolntt 
boiling-point  of  oxygen.  The  density  of  oxygen  at  —  210°  C.  is  not 
known,  but  in  any  case  it  is  greater  than  that  at  — 183°  C,  and  nn 
increased  abeorptioa  of  about  one-fourth  by  the  oooling  might  be 
anticipated. 

At  the  low  temperature  reached  by  the  nse  of  a  hydrogen  jet  taken 
in  liquid  air,  the  latter  Bolidifies  into  a  hard  white  solid  reeembliog 
avalanche  snow.  The  solid  has  a  pale  bluish  colour,  showing  by 
reflection  all  the  absorption  bands  of  the  liquid. 

The  refractive  power  of  the  liquid,  as  determined  by  Prof.  Liveing 
and  the  author,  was  given  in  a  previous  lecture.*  Later  investigationt 
resulted  in  the  determination  of  the  dispersive  power.  The  refractive 
constant  of  the  liquid  oxygen  was  found  to  be  almost  identical  with 
Mascart's  value  for  the  gas,  and  similarly  the  dispersive  constant  in 
the  liquid  and  gas  seems  to  be  identical. 

Magnetic  Properties  of  Liquid  Omygen.  * 

The  remarkable  magnetic  properties  of  liquid  oxygen  were  de- 
Boribed  to  the  Boyal  Institution  in  a  lecture  deliver^  in  189S.t 
Professor  Fleming  and  myself  have  for  some  time  past  dir«cted  our 
attention  to  the  question  of  determining  the  numerical  values  uf  tLs 
magnetic  permeability  and  magnetic  susceptibility  of  liquid  ox,TgeD4 
with  the  object  of  determining  not  only  the  magnitude  of  thaw 
physical  constants,  but  also  whether  they  vary  with  the  magnetie 
force  under  which  they  are  determined. 

Although  a  large  number  of  determinations  have  been  made  by 
many  observers  of  the  magnetic  susceptibility  of  different  liquidi 
taken  at  various  temperatures,  difficulties  of  a  particular  kind  oocor 
in  dealing  with  liquid  oxygen.  One  method  adopted  for  determiuiog 
the  magnetic  susceptibility  of  a  liquid  is  to  observe  the  increase  of 
mutual  induction  of  two  conducting  circuits  suitably  placed,  first  in 
air,  and  then  when  the  air  is  replaced  by  the  liquid  in  question,  the 


•  "  Liquid  Atmospheric  Air,"  Proc.  Boy.  ln«t.  1693. 

t  See  Koy.  Imd.  Proc.  Jnne  15th,  1892,  "On  the  Hag;netic  ProMitiM  tf 
Liquid  Oxygen."     Friday  evening  disoourgc,  by  Prpfeseor  J.  Dewai,  F.B.& 

J  Proe.  Boy.  8oo.  vol.  Ix.  1896,  p.  283,  ■'  On  tbo  Magnetic  PermMbility  rf 
Liqaid  OxyKen   and   Liquid  Air,"  by  Profewor  J.  A.   Fleming,  F.B£.  m1, 
Professor  J.  Dewar,  F.B.8. 
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sosoeptibility  of  which  ig  to  be  determined.  A  second  method  oon- 
kiatfl  in  detcrminiDg  the  mechanical  force  acting  on  a  known  mass 
of  the  liquid  when  placed  in  a  non-oniform  magnetic  field.  Omng 
to  the  di£Bcalt7  of  preventing  entirely  the  evaporation  of  liquid 
oxygen,  even  when  contained  in  a  good  vacnum  Tessol,  and  the  im- 
pOMibility  of  sealing  it  np  in  a  bulb  or  tabe,  and  having  regard  to  the 
effect  of  the  low  temperatore  of  the  liquid  in  deforming  hy  contrac- 
tion and  altering  the  conducting  power  of  coils  of  wire  placed  in  it,  it 
was  neoeasary  to  devise  some  metjiod  which  should  be  independent  of 
the  exact  constancy  in  mass  of  the  liquid  gas  operated  upon,  and  in- 
dependent also  of  slight  changes  in  the  form  of  any  coils  of  wiro 
wlueh  might  be  used  in  it.  After  many  unsuccessful  preliminary 
experiments  the  method  which  was  finally  adopted  by  Professor 
Fleming  and  myself  as  best  complying  with  the  conditions  introduced 
by  the  peculiar  nature  of  the  sabetanoe  operated  upon  is  as  fol- 
lows : — 

A  small  closed  circuit  transformer  was  constructed,  the  core  of 
which  could  be  made  to  consist  either  of  liquid  oxygon  or  else  imme- 
diately changed  to  gaseous  oxygen,  having  practically  the  same  tem- 
perature. This  transformer  consisted  of  two  coils,  the  [primary 'coil 
was  made  of  forty-seven  turns  of  No.  12  S.W.G.  wire  ;  this  wiro  was 
wound  into  a  spiral  having  a  rectangular  shape,  the  rectangular 
turns  having  a  length  of  8  cm.  and  a  width  of  1  ■  8  cm.  This  rect- 
angnlar-aectioned  spiral,  consiBting  of  one  layer  of  wire  of  forty-seven 
tarns,  was  bent  round  a  thin  brass  tube,  8  cm.  long  and  2^  cm.  in 
diameter,  so  that  it  formed  a  dosed  circular  solenoid  of  one  layer  of 
wire.  The  wire  was  formed  of  high  conductivity  copper,  doubly  in- 
sulated with  cotton,  and  each  single  turn  or  winding  having  a  rect- 
angular form. 

The  turns  of  covered  wire  closely  touched  each  other  on  the  inner 
circnmferenoe  of  tbo  toroid,  but  on  the  external  circumferonco'were 
a  little  aeparated,  thus  forming  apertures  by  which  liquid  could  enter 
or  leAve  the  annular  inner  core. 

The  nature  of  this  transformer  is  shown  in  Fig.  1. 

The  mean  perimeter  of  this  rectangnlar-sectionod  endloss  solenoid 
was  13^  cm-  and  the  solenoid  had,  therefore,  vory'ncarly  3' 5  tums 
per  cm.  of  mean  perimeter.  When  immersed  in  liquid  oxygen  a  coil 
of  this  kind  will  carry  a  current  of  50  amperes.  When  a  current  of 
A  amperes  is  sent  through  this  coil  the  mean  magnetising  force  in 
the  axis  of  this  solenoid  is,  therefore,  represented  by  4*876  times  the 
eorrent  through  the  wire,  hence  it  is  clear  that  it  is  possible  to  produce 
in  tbo  interior  of  this  solenoid  a  mean  magnetising  force  of  over 
200  C.G.S.  units.  This  primary  coil  had  then  wound  over  it,  in  two 
sactions,  about  400  or  500  tums  of  Mo.  26  silk-covered  copper  wire  to 
form  %  secondary  coil.  The  primary  and  secondary  coils  were  sopa- 
ratad  by  layers  of  silk  ribbon.  The  exact  number  of  tums  was  not 
eoontcd,  and,  as  will  be  seen  from  what  follows,  it  was  not  necessary 
tQ  know  the  number.     The  ooil  so  constructed  constituted  a  amall 


660 


PrcftttorDewar 


[Jtt.  ^ 


indnetioo  coil  or  trsnafomier,  with  a  closed  air-oore  circnit,  bnt  which, 
wbea  immersed  in  a  liquid,  bj  the  peaetntion  of  the  liquid  into  the 
tntonor  of  the  primarv  coil,  became  changed  into  a  cloeed  circnit 
tnBsfottDer,  with  a  liquid  core.  The  transformer  eo  desigacl  nag 
e»|aH«  of  being  placed  midemeath  liqaid  oxygen  contaiDed  in  s 
la^u  vmcnam  Tesael,  and  when  so  placed  furmed  a  tnnsforroer  of  tiie 
(dosed  circnit  tjpe>,  with  a  core  of  liqaid  oxygen.  The  coefficient  of 
mutoal  indactioQ  of  these  two  circuits,  primary  and  aeooDdary,  is 


Fia.  1. — Diagram  or  the  Cloeed  Circuit  Traiufurmer  used  in  ExperimeDto. 

therefore  altered  by  immendng  the  tnmsformer  in  liquid  oxygen, 
but  the  whole  of  the  induction  produced  in  the  interior  of  tli« 
primary  coil  ia  always  linked  with  the  whole  of  the  tnms  of  (Ix 
secondary  coil,  and  the  only  form -change  that  can  be  made  is  a  ein*U 
change  ia  the  mean  perimeter  of  the  primary  tnrus  due  to  the  cod- 
traction  of  the  coil  as  &  whole.  In  experiments  with  this  transfonoer 
the  transformer  wns  always  lifted  out  of  the  liquid  oxygen  into  tlx 
cold  gaseous  oxygen  lying  on  the  surface  of  the  liquid  oxygon,  *sA 
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wbicli  is  Rt  the  same  temperatnre.  On  lifting  oat  the  transformer, 
the  liquid  oxygon  drains  away  from  the  interior  of  the  primary  coil, 
and  is  replaced  by  gaseous  oxygen  of  very  nearly  the  same  tem- 
peratnre. 

The  vacnnm  yeBsol  used  had  a  depth  of  60  cm.  outside  and  53  cm. 
inside,  and  an  internal  diameter  of  7  cm.  It  held  2  litres  of  liquid 
oxygen  when  full ;  but,  as  a  matter  of  fact,  4  or  5  litres  of  liquid 
oxygen  were  ponrcd  into  it  in  the  course  of  the  experimont. 

Another  induction  coil  was  then  constructed,  consisting  of  a  long 
cylindrical  coil  wound  over  the  four  layers  of  wire,  and  a  secondary 
ciivnit  was  constructed  to  this  coil,  consisting  of  a  certain  number  of 
)nroa  wound  round  the  outside  of  the  primary  coil,  and  a  small 
adjusting  secondary  coil,  consisting  of  a  thin  rod  of  wood  wound  over 
frith  Terr  open  spirals  of  wire.  The  secondary  turns  on  the  outside 
of  the  primary  coil  were  placed  in  series  with  the  turns  of  the  thin 
adjusting  coil,  and  the  whole  formed  a  secondtiry  circuit,  partly  out- 
side and  partly  inside  the  long  primary  cylindrical  coil,  the  coefficient 
of  mutual  induction  of  this  primary  and  secondary  coil  being  capable 
of  being  altered  by  very  small  amounts  by  sliding  into  or  out  of  tho 
primary  coil  the  small  secondary  coil.  This  lost  induction  coil,  which 
will  be  spoken  of  as  the  balancing  coU,  was  connected  up  to  the  small 
transformer,  as  just  described,  as  follows: — 

The  primary  coil  of  the  smnll  transformer  was  connected  in  series 
vith  the  primary  coil  of  the  balancing  induction  cuil,  and  the  two 
tormiuals  of  the  series  were  connected  through  a  reversing  switch 
and  ammeter  with  on  electric  supply  circuit,  so  that  a  current  of 
known  strength  could  be  reversed  through  the  circuit,  consisting  of 
the  two  primary  coils  in  series.  The  two  secondary  coils,  the  one  on 
the  transformer  and  the  one  on  the  balancing  induction  coil,  were  con- 
nected in  opposition  to  one  another  through  a  sensitive  ballistic 
galvanometer  in  suoh  a  manner  that  on  reversing  the  primary 
enrrent  the  galvanometer  was  a£fected  by  tho  difference  between  the 
electromotive  forces  set  up  in  tho  two  secondary  coils,  and  a  very  fine 
adjustment  could  be  made  by  moving  in  or  out  the  adjusting  coil  of 
the  balancing  induction  coil. 

The  arrangement  of  circuits  is  shown  in  Fig.  2. 

For  the  purpose  of  standardising  tho  ballistic  galvanometer 
employed,  the  primury  coil  of  the  balancing  induction  coil  could 
be  cut  out  of  circuit,  so  that  the  inductive  effect  in  the  ballistic 
galvaiiometer  circuit  was  due  to  the  primary  current  of  the  closed 
circuit  transformer  alone.  A  resistance  box  was  also  included  in  the 
circuit  of  tho  ballistic  galvanometer.  Tho  rcBistanco  of  the  ballistic 
galvanr>meter  was  about  18  ohms,  and  the  resistance  of  the  whole 
secondary  circuit  80  "36  ohms.  The  experiment  then  consisted  in 
first  balancing  tho  secondary  electromotive  forces  in  the  two  coils 
nactly  against  one  another,  then  immersing  the  transformer  in  liquid 
oxygen,  tho  result  of  which  was  to  disturb  the  inductive  balance,  and 
in  cwDseqnence  of  tho  magnetic  permeability  of  the  liquid  oxygen  core 
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being  greater  than  nnity,  a  deflection  of  the  b&lliBtic  g&lTanometer 
was  ohserred  on  rerersing  tho  s»iae  primary  cnrrent  The  indaction 
through  the  primary  circuit  of  the  email  transformer  is  increased  in 
the  same  proportion  that  tho  permeability  of  the  transformer  core 
is  increased  by  the  substitution  of  liquid  oxygen  for  gaseous  oxjgen, 
and  hence  the  ballistic  deflection  measures  at  once  the  amocmt  b; 
which  the  magnetic  permeability  of  the  liquid  oxygen  is  is  excess 
over  that  of  the  air  or  gaseous  oxygen  forming  the  core  of  the  trans* 
former  when  the  transformer  is  lifted  out  of  the  liquid.  As  a  matter 
of  fact,  it  was  never  necessary  to  obtain  the  inductive  balance  pre- 


KS> 


wvw\/T 


r 


TWww 

AAAAA/J 


Fro.  2. — Arra&gement  of  the  Circuit*  of  the  Tranafbrmer  and  Indaetkm  OA 

ciscly.  All  that  was  necessary  was  to  observe  the  throw  of  the  b»l" 
listic  galvanometer,  first  when  the  transformer  was  wholly  immersed 
under  the  surface  of  liquid  oxygen,  and,  secondly,  when  it  was  liW 
out  into  the  gaseous  oxygen  lying  on  the  surface  of  the  liquid,  the 
strength  of  the  primary  current  reversed  being  in  each  case  the  aux- 
in order  to  standardise  the  galvanometer  and  to  interpret  themwo* 
ing  of  the  ballistic  throw,  it  was  necesr^ary  to  cut  out  of  eircnit 
the  primary  coil  of  the  balancing  induction  coil,  and  to  ro**"* 
through  the  primary  circuit  of  the  small  transformer  a  known  fiii»U 
primary  current,  noting  at  the  same  time  the  ballistic  throv  f^ 
duced  on  the  ballistic  galvanometer,  this  being  done  wbeo  ''■' 
transformer  was  luidorneath  the  surfiice  of  liquid  oxygen.  It  ^ 
be  seen,  therefore,  that  this  method  requires  no  calculation  of  mj 
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coefficient  or  mntu&l  indnction,  neither  does  it  involye  any  know- 
l«dge  of  the  nnmber  of  secondary  turns  on  the  tranaformer,  nor  of 
the  resistance  uf  tbo  secondary  circoit ;  all  that  is  necessary  for  a 
snooesflful  determination  of  the  magnetic  permeability  of  the  liquid 
oxygen  is  that  the  secondary  circuit  of  the  traoisfonnQr  should 
remain  practically  of  the  same  tcmperatoro  daring  the  time  when 
the  throw  of  the  ballistic  galvanometer  is  being  observed,  both 
with  the  transformer  underneath  the  liquid  oxygen  and  out  of  the 
liquid  oxygen.  If  then  the  result  of  reversing  a  current  of  A 
Mnpdres  through  the  two  primary  coils  in  series  when  the  secondary 
eoils  are  opposed  is  to  give  a  ballietio  throw  D,  and  if  the  result  of 
reversing  a  small  current  a  amperes  through  the  primary  coil  of  the 
transformer  alone  is  to  produce  a  ballistic  throw  d,  then,  if  ft.  is  the 
magnetic  permeability  of  liquid  oxygen,  that  of  the  gaseous  oxygen 
lying  above  the  Hqnid  and  at  the  same  temperature  being  token  as 
unity,  we  have  the  following  relation  :^ 

a 
vhich  determines  the  value  of  fu 
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Tho  vulnes  of  the  permeability  given  in  the  foregoing  table  are  not 
ftll  of  equal  weight. 

Tho  valne,  viz.  1  -  00287,  found  by  Professor  Fleming  and  the 
%utLor  for  the  magnetic  permeability  of  liquid  oxygen,  sliows  that 
the  magnetic  susceptibility  (k)  per  unit  of  volume  is  238/10*.     It 


ia  interesting   to   compare  this  valne  with  the  valne 


228/10'. 
obtained 


bjr 
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Mr.  Townsend  for  an  aqneooB  solation  of  fetrio  dhlcnide^  utd  whieh 
he  states  oan  be  oalcnlated  by  the  equation 

10*t  =  91-6iD-0-77, 

where  lo  is  the  weight  of  salt  in  grams  per  onbie  oentimetre,  and  h 
the  magnetic  snsceptibility.  Even  in  a  saturated  solution,  w  oamnt 
exceed  0  ■  6,  hence,  from  the  above  equation,  we  find  the  value  of  tiw 
magnetic  susoeptibility  of  a  saturated  solution  of  one  of  the  most  put* 
magnetic  iron  salts,  yiz.  ferric  chloride,  is  54/10*  for  magnetio  foiwi 
between  1  and  9.  This  agrees  fairly  well  with  other  detenninatiou 
of  the  same  constant.  On  the  other  hand,  the  magnetio  susoepti- 
bility of  liquid  oxygen  for  the  same  volume  is  228/10*,  or  mote  uu 
four  timet  as  great.  The  unique  position  of  liquid  oxygen  in  respeci 
of  its  magnetic  susceptibility  is  thus  strikingly  shown.  It  is,  hov- 
ever,  interesting  to  note  that  its  permeability  lies  far  below  that  of 
certain  solid  iron  alloys  generally  called  non-magnetio. 

In  the  course  of  these  investigations  valuable  assistance  has  been 
given  by  Mr.  Bobert  Lennox  and  Mr.  J.  W.  Heath. 

[J.D.] 
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The  Eight  Hon.  Sie  John  Lcbbock,  Bart.  M.P.  D.C.L.  LL.D. 
F.R.8.  M.B.I. 

Bnii  and  Stipule$. 

'h«  lectnrer  commenced  by  saying  that  his  attention  had  been  drawn 
to  the  subject  by  a  remark  of  Vauchor's  in  his '  Idistoire  Physiologiqae 
,dc8  Plaiites,'  calling  attention  to  the  fact  that  some  species  of  Kock- 
kOM  have  stipules  while  others  have  none,  and  suggesting  that  it 
nroold  be  interesting,  if  possible,  to  determine  the  reason  for  the 
difference.  Stipules  are  the  small  leaflets  found  at  the  base  of  the 
leaf  in  many  plants.  In  some  they  drop  early,  so  that  on  a  cursory 
examination  they  might  be  supposed  to  be  absent,  as,  for  instance,  in 
Ibe  Beocb  or  Elm ;  in  others  they  live  as  long  as  the  leivcs,  and  in 
■ome  few  cases  even  siuvivo  them.  The  study  of  stipules  led  him 
ip  that  of  buds. 

I      Every  gardener  knows  to  his  cost  how  often  the  bright  promise 

of  spring  is  ruined  by  late  frosts.     All  through  the  wicter  the  young 

leasee,  which  commenced  in  the  previous  year  and  are  formed  in  the 

pod  even  early  in  the  previoun  summer,  lie  snugly  enclosed  in  many 

lArm  wraps,  covered,  moreover,  by  furry  hairs,  and  often  still  further 

tected  from  insects  and  browsing  quadrupeds  by  gummy  seore- 


A  ootDpIote  leaf  may  bo  considered  as  conststiag  of  four  parts, 
blade,  the  leaf-stalk,  the  stipules  and  the  Icuf-base  ;  or  perhaps 

f  two  portions:  the  upper,  with  its  expansion,  forming  the  blade; 

ftd  the  lower,  with  two  ap])cndages,  the  stipules.     Sometimes  the 

tipules  are  absent,  aa  in  Maples ;  sometimes  the  leaf-stalk  is  absent, 
in  Gentians;  sometimes  the  blade  is  absent,  and  its  function  ia 
formed  by  the  flattened    petiole,  as   in    most  of  the  Australian 

icaciafl;    sometimes  the  stipules  alone  are  present,  as  in  a  very 

vriona  Pea,  Lathyrus  Aphaca. 

He  then  doncribed  a  number  of  different  forms  of  stipules  and  the 
itroction  of  buds  in  a  variety  of  common  ehriibs  and  trees.  In 
Oak  the  bud  has  over  forty  coverings  before  a  normal  leaf  ii 

nohed,  and  the  peculiar  form  of  the  leaf-blade  is  due  to  the  way  it  ia 
ked  in  the  bud.  Ho  showed  the  leaves  and  flowers  of  the  coming 
Vol.  XV.  (No.  92.)  2  r 
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summer,  and  in  the  Pine  even  the  mdiments  of  the  leares  of  ihe 
following  year.  He  ehowed  in  fsome  cases  how  the  fotm  of  the  bod 
inflnenced  the  leaves,  pointing  ont  that  the  seed-leatres,  or  cotyledonB, 
differ  from  the  snbseqaent  leaves  mainly  because  they  are  inflaenced, 
not  by  the  form  of  the  bad,  bnt  by  that  of  the  seed,  and  showed  iat 
instance  how  the  form  of  the  seed-leaf  in  the  Mostard  and  other 
plants  was  thas  determined. 

In  condosion,  he  described  the  fall  of  the  lea^  which  is  a  vitil 
process,  and  not  merely  one  of  death.  Finally,  he  showed  in  the 
Book-roses  that  those  species  in  which  the  yonng  bnd  is  protected  hj 
a  broad  petiole  have  no  stipnles,  while  those  in  which  tiie  petiole  ii 
narrow  are  provided  with  stipnles,  which  serve  for  the  protection  of 
the  bnd. 

Thus  then,  he  said  in  conclnsion,  I  have  endeavonred  to  aniwer 
Yanoher's  question,  to  explain  at  any  rate  in  some  cases  the  preaeno^ 
the  nses  and  the  forms  of  stipules,  and  the  structure  of  buds  in  eooe 
of  our  common  trees,  shrubs  and  herbs.  If  I  shall  have  induced  yon 
to  look  at  them  for  yourselves  in  the  coming  spring,  yon  will  b* 
amply  rewarded. 

Yon  will  often  be  reminded  of  Tennyson's  profound  remark  abosl 
Nature: 

**  So  oareleae  of  the  single  life, 
So  oarefol  of  the  type  she  Beem^" 

and  yon  will,  I  am  sure,  be  more  and  more  struck  with  wonder  uA 
admiration  at  the  variety  and  beauty  of  the  provisions  by  wUdi 
Nature  preserves  these  tender  and  precious  buds  from  the  severity  of 
winter,  and  prepares  with  loving  care  and  rich  profusion  for  the 
bright  promise  of  spring  and  the  glorious  pageant  of  summer. 
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PBonasoB  C.  Lloyd  Moboak,  F.G.S.  Principal  of 
Univereity  College,  Bristul. 

Inalinet  and  Intelligence  in  Animals. 

BiOLOOT  is  a  Bcionce,  not  only  of  tlie  dead,  bat  of  the  liriug.  The 
bebarioar  nf  animals,  not  less  than  their  form  and  structure,  Jomands 
OUT  oarefnl  study.  Both  atnictare  and  behaviour  arc,  however,  de- 
pendent on  that  heredity  wliich  is  a  distinguishing  characteristic  of 
the  organic  world,  and  in  each  cose  heredity  has  a  double  port  to 
play.  It  provides  much  that  is  relatively  fixed  and  stcrootyirail,  but 
it  provides  also  a  certain  amount  uf  plasticity,  or  ability  to  ooiifor m  to 
tho  modifying  conditions  of  the  environment.  luKtiuctivo  behaviour 
belongs  to  tho  former  category ;  intelligent  behaviour  to  tho  latter. 
When  a  caterpillar  spins  its  silken  cocoon,  unaided,  untaught  and 
withoat  tho  guidance  of  previous  experience ;  or  when  a  newly-mated 
bird  builds  her  nest  and  undertakes  tho  patient  labours  of  incuba- 
tion, before  experience  can  have  begotten  anticipations  of  the  coming 
luood,  we  say  that  the  behaviotir  is  instinctive.  But  when  an  animal 
leoma  the  lossons  of  lifo  and  modifies  its  procedure  iu  accordance 
with  the  results  of  its  individual  ex])oriencc,  we  no  longer  use  the 
term  instinctive,  but  intelligent.  Instinct,  therefore,  comprises  those 
phsMB  of  active  life  wliicl^  exliibit  snch  hereditary  delSniteneas  as  fitB 
tb«  Mveral  members  of  a  species  to  meet  certain  oft>roeurring  or 
vitally  important  needs.  To  intelligence  belong  those  more  varied 
modes  of  procedure  which  an  animal  adopts  in  adaptation  to  the 
peoaliar  circumstancos  of  its  individual  existence.  Inxtiuctivu  acts 
take  their  place  in  the  class  of  what  are  now  generally  known  as 
congenital  characters ;  intelligent  acts  in  the  class  of  acquired 
characters. 

But  tho  study  of  instinct  and  intelligence  in  animals  opens  up 
problems  in  a  different  field  of  scientific  investigation.  They  fall 
within  the  sphere  not  only  of  biological,  but  also  of  psychological 
inquiry.  And  iu  any  adequate  treatment  of  their  nature  and  origin, 
we  tnnst  endeavour  to  combine  the  results  rcachctl  by  different  moth<.>d8 
reeearoh  in  one  harmnnions  doctrine.  This  involves  di  Ml  ill  ties 
prafitical  and  theoretical.  For  those  invertebrates,  such  as  the 
ta,  which  to  tho  naturalist  present  such  admirable  examples  of 
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iuBtinctive  belukvionr,  we  ftnimnle  concerning  whose  mental  prooeoas 
the  caatioos  psyobologist  is  least  disposed  to  express  a  definite  opinion. 
While  the  higher  mammalia,  with  whose  psychology  we  can  deal 
with  greater  confidence,  exhibit  le.ss  typical  instincts,  are  more  sob- 
ject  to  the  disturbing  influence  of  imitation,  and,  from  the  gresWr 
complexity  of  their  behaviour,  present  increased  difficulties  to  the 
investigator  who  desires  carefully  to  distinguish  what  is  congenitil 
from  what  is  acquired. 

Nor  do  the  difficnlties  end  here.  For  the  term  "  instinct "  is 
commonly,  and  not  without  reason,  employed  by  psychologists  with 
a  somewhat  different  significance,  and  in  a  wider  sense  than  is  neces- 
sary or  even  desirable  in  biology.  The  naturalist  is  concerned  onlj 
with  those  types  of  behaviour  which  lie  opeu  to  his  sti^iy  by  tlie 
methods  of  direct  observation.  He  distinguisbes  the  racial  ukpti' 
tiou  which  is  duo  to  congenital  definiteness,  from  that  individatl 
accommodation  to  circumstances  wbich  is  an  acquired  character. 
But  for  the  psychologist,  instinct  and  iutolligeuco  comprise  slso  the 
antecedent  conditions  in  and  through  which  these  two  types  of  aniaisl 
activity  arise.  The  one  type  includes  the  conscious  im2)al8c,  wbich 
in  part  determines  an  instinctive  response;  the  other  includes  the 
choice  and  control  which  characterise  an  intelligent  act.  When  ■ 
spider  spins  its  silken  web,  or  a  stickleback  builds  the  nest  in  which 
his  mate  may  lay  her  eggs,  the  naturalist  describes  the  process  uid 
seeks  its  origin  in  the  history  of  the  race;  but  the  psyobologiet in- 
quires also  by  what  impulse  the  individual  is  prompted  to  the  per- 
formance. And  when  ntcial  and  instinctive  behaviour  is  modified  in 
accordance  with  the  demands  of  special  circumstances,  the  natar»li*t 
observes  the  change  and  disuuBsea  whether  such  modifications  ut 
hereditary;  but  the  psychologist  inquires  also  the  conditions  nndef  ^1 
which  experience  guides  the  modification  along  specially  adapting 
linos.  Each  has  his  part  to  play  in  the  complete  interpretstioo  of 
the  facts;  and  each  should  cnuseut  to  such  definitions  as  mayl^ 
to  an  interpretation  which  is  harmonious  in  its  results. 

In  view,  therefore,  of  the  special  difScultios  attendant  on  a  oom- 
biued  biological  and  psychological  treatment  of  the  problems  of 
animal  bebaviour,  I  have  devoted  my  attention  especially  to  aooe 
members  of  the  group  of  birds  in  tbe  early  days  of  their  life,  ind 
I  shall  therefore  draw  my  examples  of  instinct  and  intelligence 
almost  entirely  from  this  class  of  animals.  The  organisation  md 
the  sensory  endowments  of  birds  are  not  so  divergent  from  those  <rf 
man,  with  whose  psychology  alone  we  are  adequately  converKUit, 
as  to  render  cautious  conclusions  as  to  their  mental  slatos  altogether 
untiustwortby ;  when  hatchid  in  an  incubator  they  are  removed  (rcoi 
tbnt  parental  infinence  which  makes  the  study  of  the  hihavioor  <>' 
mammals  more  diflRcuU;  while  the  bigbly  developed  condition  i" 
which  many  of  them  first  see  the  light  of  day  affords  opportunity 
for  iibserving  congenital  modes  of  procedure  under  more  favonwhW 
circumstances  than  are  presented  by  any  other  vertebrate  anios'^ 
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en  with  thoso  epocially  Boloctcii  sabjocts  for  investigation,  however, 
it  is  oulj  by  a  sympathetic  study  aad  a  careful  aualysis  of  tlioir 
behaviour  that  what  is  cougenital  cau  be  distiiiguisheil  from  what  i» 
acquired  ;  for  from  the  early  hours  uf  their  free  and  active  life,  tho 
influence  of  the  lessons  taught  by  experience  makes  itself  folt.    Their 
tioas  are  the  joint  product  of  iustinct  and  iutelligonce,  tho  cou- 
nital  inodos  of  behaviour  being  liable  to  coutuiual  modifioitioti  in 
•ptation  to  special  circumstances.     Instinct  appears  to  furuitih  a 
ound  plan  of  proceduro,  which  is  shaped  by  intelligence  to  the 
8   of  individual    life,    and   it  is  oftoa  hard  to  distingnish   tho 
inal  instinctive  plan  from  the  snbsequoat  intelligent  modiiication. 
It  is  not  my  purpose  to  describe  hero  in  detail,  as  I  have  done 
Isowhero,  the  results  of  those  observations.    It  will  suffice  to  indicate 
me  of  the  more  salient  facts.     In  the  matter  of  feeding  the  cullow 
of  such  birds  as  the  jackdaw,  jay  or  thrush  instiuctivcly  open 
their  beaks  for  tho  food  to  bo  thrust  tutu  their  mouths.     Before 
ea  have  opened,  the  external  stimulus  to  the  act  of  gaping  would 
to  bo  either  a  sound  or  the  shaking  of  the  ue>t  when  tho  parent 
ircbes  upon  it.     Under  experimental  condttiuas,  in  the  absence 
nts,  almost  any  sound,  such  as  a  low  whistle,  lip-gotind,  or  click 
e  tongue,  will  set  the  hungry  nestliags  agapis  as  will  also  auy 
g  or  tapping  of  the  box  which  forms  their  artificial  nest.     And 
lO  matter  what  is  placed  in  the  mouth  the  reflex  acts  of  swallowing 
initiated.     But  even  in  these  remarkably  organic  resfionses  the 
flaaooo  uf  experience  soon  makes  itself  felt.     For  if  the  material 
ijren  is  wrong  in  kind  or  distasteful,  the  effect  is  that  the  bird  ceases 
OS  before  to  the  stimulus.     Nor  does  it  coutiuue  to  open  tho 
when  appropriate  food  has  been  given  to  the  point  of  aatisfac- 
iD.     These  &ct8  show  that  the  iustinctivo  act  is  promptoil  by  an 
pnlse  of  internal  origin,  hunger,  supplemetitud  Ly  a  stimulus  of 
al  origin,  at  first  auditury,  but  hvter  on,  when  the  eyes  are 
led,  viaaal.     They  show  also  that  when  the  internal  promptings 
if  hunger  cease,  owing  to  satisfaction,  tho  sensory  sttmulus  by  itself 
no  longer  operative ;  and  they  show,  too,  that  ibo  diverse  acts  of 
.ping  and  swallowiug  booonro  so  far  connected  that  the  exjierienco 
distMtoful  morsels  tends,  for  a  while  at  least,  to  prevent  further 
ping  to  the  usual  stimulus. 
With  those  birds  which  are  active  and  alert  soon  after  hatching, 
Uie  instinctive  acts  ooncerne<l  in  feeding  are  of  a  different  character. 
At  first,  indeed,  the  chick  does  not  pock  at  grains  which  are  placed 
before  it,  and  this  is  probably  duo  to  the  fact  that  tho  promptings  of 
ooger  do  not  yet  make  themselves  folt,  there  being  still  a  cou><iderable 
ippiy  of  unabsurbod  yolk.    Soon,  however,  tho  little  bird  pocks  with 
bat  not  quite  perfect,  accuracy  at  small  near  objects.     But 
•gain  experience  rapidly  plays  its   part.      For   if  distasteful 
■och  as  bits  of  orange  peel,  are  tho  first  materials  given, 
g  at  them  soon  ceaaes;  and  if  this  be  repeated  the  little  bird 
not  be  indnoed  to  peck,  and  may  even  die  of  starvation.     This 


570 


Pnfe$»or  C.  Lloyd  Morgan 


[Jui.28, 


makes  it  very  difficult  to  reiir  by  hand  eome  birds.  Bach  u  ploven, 
whose  natural  food,  in  due  variety,  is  not  readily  obtainable.  It  mojit 
bo  remembered,  too,  tLat  nnder  nataral  coiKlitions  the  parent  bird 
colls  the  yoang  aud  rudioat^s  with  ber  beak  the  appropriate  food; 
aud  this  appears  to  afford  on  additional  stimulus  to  the  act  of  pecking. 
Pheasants  and  partridges  seem  to  be  more  dependent  on  this  parcntiil 
guidance  than  domestic  chicks,  and  they  are  more  easily  reired  when 
they  have  somowhat  older  birds  as  models,  whose  pecking  they  nis; 
imitate.  Passing  allusion  may  here  be  made  to  a  type  of  infitinctire 
response  in  some  respects  intermediate  Iwtweon  the  upward  gaping  of 
the  jay  and  the  downward  pecking  of  the  chick.  It  is  seen  in  the 
yoaiig  moorhen,  which  pecks  upwards  at  fuod  held  abore  it,  and  CU' 
Dot  at  first  be  induced  to  take  any  notice  of  food  on  the  gTOuad. 
Under  natural  conditions  it  is  fed  by  the  parent,  which  holds  t!i« 
food  in  her  beak  above  the  little  bird  as  it  floats  on  the  water. 

We  have,  then,  in  these  simple  instinctive  acts  examples  of  bebavioor 
which  ia  congenitally  definite  in  type  for  each  particular  species ;  d 
actions  which  are  the  joint  product  of  an  internal  factor,  hunger,  »nd 
an  external  factor,  sensory  impressions ;  of  complex  modes  of  ito- 
coduro  which  subserve  certain  vital  needs  of  the  organism.  It  shoald 
be  mentioned,  however,  that  the  relative  definiteuess  of  instinctini 
responses  has  been  subjocted  to  criticism  from  a  psychological  bouko. 
It  bos  been  urged  that  the  nutritive  instincts,  the  play  instinct^  Ibo 
parental  instincts,  those  of  self-preservation,  and  those  couceroed  in 
reproduction,  are  so  varied  and  multifarious  that  definitenese  is  the 
last  thing  that  can  bo  predicated  of  them.  Varied  and  mnlti&riont 
thoy  are  indeed,  and  each  of  the  groups  above  mentioned  contaiiK 
mitny  differing  examples ;  but  that  is  because  we  are  dealing  will) 
compreliensive  classes  of  instinctive  behaviour.  The  fact  that  tiie 
gronp  of  fishes  iuoluden  oiganisms  of  such  wide  structural  diveifitj 
as  the  salmon,  the  globe  fish,  the  eel  aud  the  side,  diics  not  afieot  ^ 
fact  that  these  species  have  a  relatively  definite  structure  each  aft* 
his  kind.  It  is  uuly  when  we  treat  a  group  of  fishes  as  if  it  weio  in 
individual  fish  that  wc  are  troubled  by  iudefiniteness  of  Btroctarei 
Aud  it  is  only  when  we  deal  with  a  group  of  instincts  ooinpnKd 
under  a  class-name  as  if  it  were  a  particular  instinctive  act,  that  *< 
fail  to  find  that  definiteness  which  to  the  naturalist  is  so  remarkable. 
From  the  physiological  point  of  view,  instinctive  procedure  wobM 
seem  to  have  its  origin  in  an  orderly  group  of  outgoing  neural  dis" 
charges  from  the  centra!  ofiice  of  the  nervous  system,  giving  rise  to  » 
definite  sot  of  muscular  contractions.  And  this  appears  to  havft  *» 
organic  basis  in  a  congenital  prefonnation  in  the  nervous  centres,  tw 
activity  of  which  is  called  into  play  by  incoming  messages,  both  frd' 
internal  organs  in  a  state  of  physiological  ncod,  and  from  the  eiternM 
world  through  the  organs  of  special  sense.  The  naturalist  fixes  i"* 
attention  chiefly  on  the  visible  behaviour,  which  is  for  him  u* 
essential  feature  of  the  instinctive  act.  But  in  view  of  the  require 
ments  of  psychological  interpretation  it  is  advisable  to  comprise  nsdu 
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the  tenn  instinct,  in  anj  particular  manifestation  of'  its  existence,  the 
net  re«mlt  of  four  things:  first,  internal  messages  giving  rise  to  tlie 
impulse ;  secondly,  the  external  stimnli  which  co-cpcrato  with  tho 
impulm)  to  affect  the  nervous  centres ;  thirdly,  the  actiro  response  due 
to  the  co-ordinated  outgoing  discharge ;  and  fonrthlj,  tho  message 
from  tho  organs  concerned  in  the  behaviour  by  which  tho  central 
nervous  system  is  further  aSectod.  Now  I  shall  here  assume,  without 
paasiog  to  adduce  the  arguments  in  favour  of  this  view,  that  consciooB- 
O088  is  stirred  in  the  brain  only  by  incoming  messages.  If  this  be  so, 
the  ontgoing  discharges  which  produce  tho  behaviour  are  themselves 
unconscious.  Their  function  is  to  call  forth  adaptive  movements  j 
and  these  movements  give  rise  to  messages  which,  ho  to  speak,  afford 
to  conscionsncfis  information  that  the  instinctive  act  is  in  progress. 
Hence  I  have  urged  that  tho  instinctive  performance  is  an  organic 
•nd  nnoouscioas  matter  of  the  purely  physiological  order,  though  its 
effects  are  quickly  communicated  to  consciousness  in  tho  form  of 
definite  messages  from  the  motor  organs.  I  have  not  denied  that 
the  stimnli  of  sight,  touch,  hearing,  and  so  forth,  have  conscious 
effects ;  I  do  not  deny  (though  here  I  may  have  spoken  too  guardedly) 
that  the  initiating  impulse  of  internal  origin  is  conscious.  In  both 
these  cases  we  have  messages  transmitted  to  the  central  office  of  the 
brain.  What  I  have  ventured  to  urge  is  that  the  consciousness  of 
instinctive  behaviour,  in  iU  eompleled  form,  does  not  arise  until 
further  mcssagos  como  in  from  the  motor  organs  implicated  in  the 
[performance  of  the  act,  lodging  information  at  the  central  office  oon- 
'  ocming  the  nature  of  the  movcmeut.  A  diagram  will  perhaps  serve  to 
make  this  conception  clearer. 
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Tho  circle  represents  the  brain,  in  some  part  of  which  conscions- 

ariFes  through  the  effects  of  incoming  nerve-currents.     Under 

'  ijiflu<.'uce  of  the  two  primary  groups  of  messages  duo  to  impulse 

imad  to  sensory  stimulus,  consciousness  is  evoked,  and  the  brain  ia 

^thrown  into  a  state  of  neural  strain,  which  is  relieved  by  tho  outgoing 

rge  to  the  organs  couceruud  in  the  instinctive  behaviour.     It  is 

outgoing  discharge  which  I  regard  as  unconscious.      But  the 

I  aeliuDS   which   are  thus  produced  give  rise  to  a  secondary  group  of 

IMoaiing  messages  from  the  moving  limbs.     This  it  is  which  gives 

crigin  to  the  ooDBoiousncss  of  instinctive  behaviour  as  such.     And  I 

regard  it  as  psychologically  important  that  these  incoming  messages 

are  already   grouped  so  as  to  afford   to   consciousness   information 

nlber  of  the  net  results  of  movement  than  of  their  subsidiary  details. 
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So  mach  for  oar  general  echeme.  If  now  we  torn  to  the  instinctiTe 
bebavioor  coQcemed  in  locomotion,  we  find  a  congenital  basis  upon 
which  the  perfected  actiritiea  are  foanded.  There  is  on  the  pari  of 
the  chick  no  elaborato  process  of  learning  to  walk ;  dacklinga  and 
moorhens  a  few  honrs  old  swim  with  perfect  ease  when  they  are 
placed  in  water ;  these  birds  also  dive  without  previoos  practice  or 
preliminary  abortive  attempts ;  while  young  swallows,  if  their  wings 
are  sufficiently  largo  and  strong,  are  capable  of  short  and  guided 
ilights  the  first  time  they  are  committed  to  the  air.  In  these  eisH 
neither  the  internal  impulse  nor  the  sensory  stimnli  are  ao  well 
defined  as  in  thut  of  the  nutritive  activities.  The  impulse  probably 
takes  the  form  of  an  uneasy  tendency  to  be  up  and  doing,  perhapc  iw 
to  ill-defined  nervous  thrills  from  the  organs  of  locomotion,  which  are 
in  need  of  exercise.  The  sensory  stimuli  are  presumably  affordeNi  by 
the  contact  of  the  feet  with  the  ground  or  with  the  water,  and  by  tlie 
pnmire  of  the  air  on  the  wing  surfaooa.  It  is  a  curious  fact  that  it 
young  ducklings  bo  placed  on  a  cold  and  slippery  surface,  sacb  as 
that  of  a  japanned  tea  tray,  they  execute  rapid  scrambling  movements 
■Dggestive  of  attempts  to  swim,  which  I  have  never  seen  in  cbiclu« 
pheasants  or  other  land  birds. 

It  will  nut  be  supiwsed  that  I  claim  for  perfected  locomotion,  so 
admirably  exemplified  in  the  graceful  and  powerful  fiight  of  bini«,  an 
origin  that  is  wholly  instinctive  and  unmodified  by  the  teachingE  of 
experience.  Here,  as  elsewhere,  instinct  seems  to  form  the  ground  plan 
of  activities,  which  intelligence  moulds  to  finer  and  more  delicate 
issues.  This  is  the  congenital  basis  on  which  is  built  the  perfeotad 
superstructure.  And  if  our  opportunities  for  observation  and  wir 
methods  of  analysis  were  equal  to  the  task,  we  should  be  able  to  dis- 
tiDguish,  in  the  development  of  behaviour,  the  congenital  outline  from 
the  shading  and  detail  which  are  gradually  filled  in  by  the  penol  of 
experience. 

The  difiSculties  which  render  this  analysis  at  the'  best  imperfeot 
are  therefore  twofold.  In  the  first  place,  intelligence  begins  ahnort 
at  once  to  exercise  its  modifying  influence  ;  and  in  the  second  plaMi 
many  instinctive  traits  do  not  appear  until  long  after  intelligence  bu 
begun  its  work.  Much  of  the  intelligent  detail  of  the  living  picture 
is  filled  in  before  the  instinctive  outlines  are  complete.  The  tem 
*'  deferred  instincts  "  has  been  applied  to  those  congenital  modes  of 
procedure  which  are  relatively  late  in  development.  The  chick  do* 
not  begin  to  scratch  the  ground,  in  the  manner  characteristic  of  raeorial 
birds,  till  it  is  four  or  five  days  old,  nor  does  it  perform  the  operation 
of  sand-washing  till  some  days  later  ;  the  moorhen  does  not  begii>  to 
fiick  its  tail  till  it  is  about  four  weeks  old ;  tho  jay  does  not  perform 
the  complex  evolutions  of  the  bath  till  it  has  left  the  nest  and  felt  >« 
legs,  when  the  stimulus  of  water  to  the  feet,  and  then  the  breast, 
seems  to  start  a  train  of  acts  which,  taken  as  a  whole,  are  of  a  remark- 
ably definite  type.  The  development  of  the  reproductive  organs  bring! 
with  it,  apart  from  tho  act  of  pairing,  a  numbor  of  associated  modes  of 
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'bebaTioar — nest  building,  incnbation,  song,  dance,  displaj,  and  strange 
aerial  evolations — which  are  presumobly,  in  large  degree,  instinctive, 
thoagU  of  this  we  need  more  definite  eTidence ;  for  it  ia  diHicuIt  to  osti- 
Bate,  with  any  approach  to  accuracy,  the  iafineDce  of  imitatioo.  There 
teems  to  be  no  reason  for  doubting  that,  when  an  aniniiil  grows  up  ia 
Qte  society  of  its  kind,  it  ia  affected  by  what  wo  may  term  the  tra- 
flitions  of  its  species,  and  falls  into  the  ways  of  its  felluws,  it«  imitative 
tendency  being  subtly  influenced  by  their  daily  doings.  The  social 
inimal  bears  the  impress  of  the  conditions  of  its  peculiar  nurture. 
Eta  behaviour  is  in  some  degree  plastic,  and  imitatiuii  helps  it  to 
tooform  to  the  social  mould. 

The  exact  range  and  nature  of  the  instinctive  outline,  indepon- 
lently  of  those  moditicatiuns  of  plan  which  are  due  to  the  inherent 
asticity  of  the  organism,  are  therefore  hard  to  deteriuine.  And  if, 
we  have  good  grounds  for  believing,  the  growth  of  intelligent  plas- 
ity,  in  any  given  race,  is  associated  with  a  disintegration  of  the 
tinctive  plan,  congenital  adaptation  being  superseded  by  an  accom- 
■lodation  of  a  more  individualiBtic  typo,  to  meet  the  needs  of  a  more 
Juried  and  complex  ouviroumont,  the  problems  with  which  we  hove  to 
leal  assume  on  intricacy  wliich  at  present  duties  our  most  subtle  analysis. 
We  must  now  turn  to  the  consideration  of  the  manner  in  which 
Individual  accommodation,  through  the  exercise  of  intelligence  under 
■he  teachings  of  experience,  is  brought  about ;  and  it  will  be  well 
ho  {tare  the  way  by  adducing  certain  facta  of  observation. 

Although  the  pecking  of  a  young  chick,  under  the  joint  influence 

Bf  hunger  and  the  sight  of  a  small  near  object,  would  seem  to  belong 

the  instinctive  typo,  the  selection  of  appropriate  food,  apart  from 

e  natural  guidance  of  the  hen,  seems  to  bo  mainly  determined  by 

dividual  experience.      There  is  no  evidence  that   the  little  bird 

mes  into  the  world  with  anything  like  hereditary  knowledge  of  good 

evil  in  things  eatable.     DiHtasteful  objects  are  seized  with  not 

readiness  than  natural  food,  such  as  grain,  seeds  and  grubs.    The 

lUspicaouB  colours  of  certain  nasty  caterpillars  do  not  appeal  to  any 

herited  power  of  immediate  discrimination,  so  as  to  save  the  bird 

m  bitter  experience.     They  seem  rather  to  servo  the  purpose  of 

icndering  future  avoidance,  in  the  light  of  this  bitter  experience,  more 

ttadj,  rapid  and  certain.      Bees  and  wasps  are  seized  with  neither 

pore  nor  less  signs  of  fear  than  large  flies  or  palatable  insects.     Nor 

loe«  there  seem  to  be  any  evidence  of  the  hereditary  recognition  of 

totnrftl  enemies  as  objects  of  dread.    Pheasants  and  partridges  showed 

io  sign  of  alarm  when  my  dog  quietly  ciJtero<l  tlie  room  in  which  they 

were  kept.    When  allowed  to  come  to  closer  quarters,  tiiey  impudently 

Boeked  at  his  claws.     A  two-days  chick  tried  to  nestle  down  under 

■im.     Other  chicks  took  no  notice  of  a  cat,  exhibiting  a  comjildto  in- 

■iffereDoe  which  was  not  reciprocAted.    A  moorhen,  several  weeks  old, 

■ronld  not  suffer  my  fox-terrier  to  come  near  his  own  breakfast  of 

bopped  biscuit,  but  drove  him  away  with  angry  pecks  until  the  higher 

nowera  sapervencd. 
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It  ia  not,  of  oonne,  to  be  inferred  from  theeo  obserrations  tliat 
Bncb  an  emotion  as  fear  has  no  place  in  the  here<lit«r7  Bcheme,  or 
that  the  associated  acts  of  hiiiing,  crouching  or  efforts  to  escape,  do 
not  belong  to  the  InBtinetiTe  type.  I  bare  seen  little  pbeaeasti 
Btruck  motionless,  ploycrs  croncl^  and  moorhens  scatter,  at  the  sunad 
of  a  loud  chord  on  the  violin,  or  of  a  shrill  whistle.  A  white  stone- 
\rare  jug,  placed  in  their  run,  caused  hor.rs  of  nneamness  to  a  gruup 
of  binis  including  several  species.  But  there  is  no  evideoce  that,  in 
Buch  cases,  anything  like  hereditary  experience  defines  those  objects 
which  shall  excite  the  emotion.  It  is  the  unusual  and  unfamiliar 
object,  especially  after  some  days  of  active  life  amid  sorroundings  to 
which  they  have  grown  accostomed ;  it  is  the  sudden  sound  (such  as  a 
sneeze),  or  rapid  movement,  as  when  a  ball  of  paper  is  rolled  towards 
them,  that  evokes  tho  emotion.  Hence,  if  the  parent  birds  are  abs«aU 
the  stealthy  approach  of  a  cat  causes  no  terror  in  the  breast  of  inexJ 
perienoed  flcdgolings.  But  when  she  leaps,  and  perhaps  seizes  one 
for  her  prey,  tho  rest  scatter  in  alarm,  and  for  them  the  sight  of  t 
cat  has  in  tho  future  a  new  meaning. 

Tho  elementary  emotions  of  fear,  anger,  and  so  forth,  stand  in 
peculiar  and  sjiccial  relationship  to  instinct.     At  first  sight  tbey 


seem  to  take  rank  with  tho  internal  impulses  which  are  the  part- 
determinants  of  insti nctive  behavionr.  The  crouching  of  a  frightened 
plover  or  land-rail,  the  dive  of  a  scared  moorhen,  result  partly  from 


i 


the  external  stimulus  afforded  by  tho  terrifying  object,  partly  frvxa 
the  emotional  state  which  that  object  calls  forth.  But  in  their  pri* 
mary  genesis  I  am  disposed — here  following  to  some  length  the  lead  of 
Professor  Wm.  James — to  assign  to  sucli  emotions  on  origin  admilar  to 
that  of  tho  consciousness  which  follows  on  the  execution  of  the  in- 
stinctive act.  Assuming,  as  before,  that  conscionRness  owes  its  genesis 
to  messages  which  reach  tho  sensorinm  through  incoming  nerve-chao- 
nels,  the  sensory  stimuli,  afforded,  let  us  say,  by  the  sight  of  a  terri- 
fying object,  do  not  seem,  in  the  absence  of  inherited  experience, 
oapable  of  supplying  messages  which  in  tlieraselves  are  sufficient  to 
generate  tho  emotion  of  fear.  Now  the  well  known  accompaniments 
of  such  an  emotional  state  are  disturbances  of  the  heart-beat,  the 
respiratory  rhythm,  the  digestive  processes,  the  action  of  the  glandl, 
and  tho  tone  of  the  minute  blood  vessels  throughout  tlie  body.  And 
all  these  effects  are  unquestionably  produced  by  outgoing  dischargai 
from  the  central  nervous  system.  But  they  are  ftU  as  the  result  of' 
incoming  messages,  like  vague  and  disquieting  rumours,  transmitted 
to  the  central  office  from  tho  fluttering  heart,  the  irregular  breathiogt 
the  sinking  stomach,  and  the  disturbed  circulation.  La  it  not  there* 
fore  reasonable  to  suppose  that  the  emotion  in  its  primary  genesis,  is 
due  to  the  effect  on  the  Eensorinm  of  these  disquieting  messages  ?  If 
this  be  admitted  as  a  working  hypothesis — and  it  cannot  at  pretent 
claim  to  be  more  than  this — we  reach  at  any  rate  a  consistent  scheaia 
As  primary  mesBages  to  the  central  office  of  consciousness  we  hsT9i 
on  the  one  hand  those  due  to  stimuli  of  the  special  senses,  and  on  the 
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other  band  tboae  roBulting  from  the  condition  of  the  bodily  organs, 
taking  the  form  of  a  felt  oraving  for  thoir  appropriate  exercise.  These 
oo-operato  to  throw  the  brain  into  a  state  of  anstablo  equilibrium,  or 
neural  strain,  which  ia  relieved  bj  outgoing  etreams  of  nervous  energy. 
And  these  in  turn  full  into  two  groups :  first,  an  orderly  set  of 
duMsbarges  to  tlio  voluntary  muscles  concerned  in  behaviour;  and 
secondly,  a  more  diffuse  group  of  discharges  to  the  heart,  respiratory 
Miparatns,  digestive  organs,  glands  and  vascular  network.  In  so  far  as 
tnMe  are  outgoing  discharges,  they  do  not  directly  affect  consciousness. 
But  there  quickly  returns  upon  the  seusoriuin  an  orderly  group  of 
incoming  niesBa^es  from  the  motor  apparatus  concerned  in  instinctive 
behaviour,  and  a  more  iudeGnite  group  from  the  heart  and  other 
visceral  organs.  The  former  gives  tlie  well-defined  oonsciousuess  of 
activity,  the  latter  the  relatively  ill-defined  feelings  which  are  classed 
as  emotional.  But  so  swift  is  the  back-stroke  from  tbo  body  to  the 
brain,  that,  ere  the  instinctive  behaviour  is  complete,  messages  from 
the  limbs— and,  under  the  appropriate  circumstances,  from  the  heart 
— that  is  to  say,  of  both  instinctive  and  emotional  origin— begin  to 
be  operative  in  consciousness ;  and  the  fiual  stages  of  a  given  per- 
formance may  be  guided  in  the  light  of  tho  experience  gained  during 
its  earlier  stages. 

The  exact  manner  in  which  consciousness  exercises  its  guiding 
itifloence  ia  a  matter  of  speculatifm.  Perhaps  the  most  probable 
hypothesis  is  that  tho  central  hemispberos  are  an  adjunct  to  tho  rest 
of  the  central  nervous  system,  and  exercise  thereon,  by  some  such 
mechanism  as  the  pyramidal  tract  in  the  hurann  subject,  a  controlling 
influence.  Given  an  hereditary  ground  plau  of  automatic  and  in- 
fitioctive  responses,  the  cerebral  hemispheres  may,  by  checking  here 

iforciug  there,  limit  or  extend  the  behaviour  in  definite  ways. 

f  case,  from  the  psychological  point  of  view,  their  action  ia 
dependent  on  three  fundamental  properties  :  first,  the  retention  of 
atodificfltiouB  of  their  structure  ;  secondly,  differential  results  accord- 
ing as  these  modifications  have  plcasiurable  or  painful  accompaniments 
in  consciousness ;  and  thirdly,  the  building  of  the  conscious  data, 
tlirough  association,  into  a  system  of  experience.  The  controlling 
iuflueuco  of  this  ox(>erienco  is  the  essential  feature  of  active  intelli- 
geooe.  Or,  expressed  in  the  almost  obsolete  terminology  of  the  older 
psychology,  iutelligonco  is  the  faculty  through  which  paat  inexperi- 
«DM  is  brought  to  bear  on  present  behaviour. 

Prufesaor  Stout,  whoso  careful  work  in  analytical  psychology  is 
well  known,  has  done  me  the  service  of  criticising,  in  a  private  com- 
mauication,  my  use  of  the  phrase  "  past  experience,"  urging  that 
present  experience  is  not  less  important  tu  determining  behuviuur 
than  that  which  is  past,  and  which  can  only  be  operative  through  its 
revival  in  memory.  The  criticism  is  valid  in  so  far  as  it  shows  that 
I  have  not  been  sufficiently  careful  to  define  what  I  mean  by  post 
eiporieuce.  But  I  certainly  had  in  mind,  thou<;h  1  did  not  clearly 
indioate,  the  inclusion  of  what  Mr.  Btout  regards  as  present  ex- 
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perience.  My  cooception  of  "  preeent,"  as  I  bare  elsewliere  denribed 
iX,  is  that  short  bat  appreciable  period  of  time,  occnpyin^  only  mmo 
HBall  fraietion  of  a  second,  which  is  comprised  in  the  fleeting  moment 
of  conacioasness.  All  aut«rior  to  this,  if  it  were  bat  a  second  Ago, 
I  regard  as  past — past,  that  is  to  say,  in  origin,  though  stQl  operative 
in  the  limited  field  of  the  present  moment.  When  we  are  reading  a 
paragraph  and  near  its  close,  the  net  result  of  all  that  we  hare  read 
in  the  earlier  sentences  is  present  to  inflaence  the  oonrse  of  our 
thought.  Bat  the  very  words — "all  that  we  have  read" — by  which 
we  describo  this  familiar  fact,  imply  that  the  guiding  experienos 
originated  in  a  manner  which  demands  the  use  of  the  past  tenie. 
Still  I  am  none  the  less  grateful  to  Mr.  Stout  for  indicating  what  to 
many  may  have  seemed  a  serious  omission  in  my  interpretation. 
Suffice  it  to  say  that  if  we  iuclude  under  the  phrase  "present 
penence"  the  occnrrencefl  of  five  minutes  or  even  of  fivo  sccooda 
(all  of  which  1  regard  as  past),  I  fully  agree  that  present  expi 
(in  this  sense)  exercises  a  most  important  guiding  influence. 

We  have  distinguished  four  classes  of  messages  affecting  coi 
fioioosness  in  the  central  office  of  the  sensorium  :  first,  stimuli  of  tl 
special  Benses ;  secondly,  iatemal  cravings ;  thirdly,  motor  seosstioDi' 
due  to  bodily  tu:tivity;  and  fourthly,  emotiouivl  states.  These  art 
combined  in  subtle  synthesis  during  the  growth  of  experience,  tiofi 
are  associated  together  in  varied  ways.  Into  the  manner  in  which 
experience  grows  we  cannot  enter  here.  It  will  be  snfficieut  to 
indicate  very  briefly  the  effects  of  this  growth  on  the  behaviour  of 
animals  in  the  earlier  stages  of  their  life.  This  may  be  conddsreil 
&om  a  narrower  or  from  a  broader  standpoint,  In  the  narrower  vie* 
we  watch  how,  within  th^  field  of  widening  synthesis,  particnlu 
■seooiations  are  formed.  We  see  how,  withiu  experience,  the  lut( 
and  appearance  of  certain  caterpillars  or  grubs  become  so  aasocialad 
that  for  the  future  the  larva  is  left  untouched.  Or  we  see  how  thit 
terrible  pounce  of  the  cat  becomes  so  associated  with  her  appearand 
as  thenceforth  to  render  her  an  object  of  dread  to  enlightened  spu* 
rows.  Eut  of  the  physiological  mechanism  of  associatioa  we  biow 
little. 

There  is  a  familiar  game  in  which  a  marble  is  rolled  down  u 
inclined  board  at  the  bottom  of  which  arc  nnmbered  compartmenti. 
The  lower  part  of  the  board  is  beset  with  a  series  of  vertical  pins  M 
arranged  that  the  marble,  reboumling  from  one  to  another,  pursn«« 
a  devious  course  before  it  reaches  its  destination.  But  if  we  tit 
threads  from  pin  to  pin  we  may  thus  direct  the  course  of  the  mirbl 
along  definite  lines.  Now  the  brain  may  be  roughly  likened  to  ■ 
set  of  such  pins,  and  the  marble  to  an  incoming  nerve  carrenL  ThA 
congenital  structure  is  such  that  a  number  of  hereditary  threads  cos* 
nect  the  pins  in  definite  ways,  sad  direct  the  discharge  into  appro* 
priate  channels.  But  a  vast  number  of  other  threads  are  acqtuK^ 
in  the  oonrse  of  individual  cxpcrieuoe.  These  are  the  liulu  of 
association  which  direct  the  marble  in  new  ways.     Obaerratioo  of 
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behavionr  can  only  givo  ns  information  that  new  directing  tbreada 
hare  been  introduced.  The  psycfaologj  of  aesociation  can  only 
indicate  which  pins  have  been  connected  by  linking  threads.  Even 
■nch  researches  as  those  of  Flechsig  can  at  present  do  no  more  than 
supplement  the  psychological  conclasion  by  general  anatoiaical 
evidence.  Of  the  details  of  brain  modification  by  the  formation  of 
usociation  fibres  vre  are  still  profoundly  ignorant. 

Kor  when  we  turn  from  the  narrower  to  the  wider  point  of  view  are 
ire  in  better  case.  We  are  forced  to  content  ourselves  with  thi^se 
generalities  wliich  are  the  makeshift  of  imperfect  knowledge.  Still 
oren  sacb  generalities  are  of  use  in  showing  the  direction  in  which 
bore  exact  informAtion  is  to  be  Bought.  And  we  can,  perhaps,  best 
expren  the  not  result  of  acquired  modification  of  brain-structure  by 
saying  that  every  item  of  experience  makes  the  animal  a  new  being, 
rith  new  reactive  tendencicB.  The  sparrows,  which  yesterday  were  " 
nnafifected  by  the  stealthy  approach  of  the  cat,  garrulously  scatter  to- 
day, because  they  are  not  the  same  simple-minded  sparrows  that  they 
were.  The  chick  comes  into  the  world  poBsessed  of  certain  instinctive 
tendencies,  with  certain  hereditary  directing  threads.  But  at  the  touch 
of  ex{ierience  its  needs  are  modified  or  further  defined.  Now  con- 
nocting  threads  are  woven  in  the  brain.  On  tho  congenital  basis  has 
been  bnilt  an  acquired  disposition.  The  chick  is  other  than  it  was, 
sod  reacts  to  old  stimuli  with  new  modes  of  behaviour. 

In  its  early  days,  the  developing  animal  is  rewling  the  paragraph 
of  life.  Every  sentence  mastered  is  built  into  the  tissue  of  experience, 
and  leaves  its  impress  on  the  plastic  yet  rotcutiro  brain.  By  dint  of 
repetition  the  results  of  acquisition  become  more  and  more  firmly  in- 
grained. Habits  are  generated,  and  habit  becomes  second  nature. 
The  organism  which,  to  begin  with,  was  a  creature  of  congenital  im- 

EoIm  and  reaction,  becomes  more  and  more  a  creature  of  acquired 
abits.     It  is  a  new  being,  but  one  with  nee<lB  not  lees  imperious  than 
I  those  with  which  it  was  coiigcnitally  endowed. 
All  of  this  is  trite  and  familiar  enough.     But  it  will  serve  its 
pnr])use  if  it  help  us  to  realise  how  largo  a  share  acquired  characters 
take  in  the  development  of  behaviour  in  the  higher  aoimals,  and  how 
fundameutnlly  important  is  tho  plasticity  of  brain-tissue,  and  its  re- 
tculiveneas  of  the  modifications  which  are  impressed  on  its  yielding 
Sub«it«ncc. 
Such  being  the  relations  of  intelligence  to  instinct  in  tho  indi- 
Tidual,  what  are  their  relations  in  the  evolution  of  tho  race  ?  Granting 
tliat  instinctive  responses  are  definite  through  heredity,  bow  has  this 
defiuitencas   been  brought    about  ?     lias    it    been    through    natural 
selection  ?     Or  are  the  auquire<.l  modifications  of  one  gencrutiou  trans- 
K  tnitted  through   heredity  to  the  next?     Is  instinct  inherited  habit? 
H  Mr.    Herbert  Spencer   has   long  advocated   and  still  advocates   tho 
V  latter  view ;   while  Mr.  A.  It.   Wallace  attributes  instinct  entirely 
f   to  natural  selection.     Darwin,  who  wrote  befure  the  trauEmission  of 
aoi[aircd  characters  was  seriously  questioned,  admitted  both  factors. 
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And  Romanee,  to  whose  ever-kindly  sympathy  I  am  deeply  indebted, 
adhered  to  this  view  in  spite  of  modem  criticisn].     There  is  not  mnch 
in  my  own  observational  work  which  has  any  decisive  bearing  on  the 
qaestion.     But  there  are  one  or  two  points  which  are  perhaps  worthr 
of  conBidcratinu.      The  part  played  hy  acquisition  in  the  field  of 
behavionr  is  the  establishment  of  definite  relations  between  particukr 
groups  of  stimnli   and   adaptive  responses.      If  this  be  so,  and  if 
acquired  modifications  of  brain-stmctnre  be  transmitted,  wo  might 
reasonably  expect  that  the  sight  of  a  dog  wouM  have  a  similar  effect 
on  young  pheasants  to  that  which  it  has  on  their  parents.     Bnt  this 
docs  not  appear  to  l>o  the  case.     Again,  one  might  reasonably  expect 
that  the  sight  of  water  would  evoke  a  drinking  resjKinse  in  recently 
hatched  birds,  just  as  the  sight  or  scent  of  a  Tncca  flower  excites  • 
definite  reRponse  in  the  Yucca  moth.     Bnt  here,  too,  this  is  not  sn. 
Thirsty  chicks  and  ducklings  seem  to  be  uninfluenced  by  the  sight 
of  water  in  a  shallow  tin.     They  may  even  run  through  the  liquid 
and  remain  unaffected  by  its  presence.     But  if  they  chance  to  peck  at 
a  grain  nt  the  bottom  of  the  tin  or  a  bubble  on  the  water,  as  soon  m 
the  beak  touches  the  liquid,  this  stimulus  at  once  evokes  a  drinkiDg 
reapoDse  again  and  again  repeated.     Why  does  tl^e  touch  of  water  in 
the  beak  excite  a  congenital  response,  while  the  sight  of  water  fails 
to  do  so?     I  believe  it  is  because  under  natural  conditions  the  cbickt 
peck  at  the  water  in  imitation  of  the  mother,  who  thus  shields  them 
from  the  incidence  of  natural  selection.     Under  these  circumstaocei 
there  is   no  opportunity  for  the  elimination  of  those   who  fail  to 
respond  at  the  mere  sight  of  water,  and  consequently  no  selectire 
survival  of  those  who  do  thus  respond.     But  though   the  hen  caa 
lead  her  young  to  peck  at  the  water,  she  cannot  teach  them  tlw 
essential  movements  of  beak,  mouth  and  gullet  which  are  necessuj 
for  the  completed  act  of  driukiug.     In  this  matter  she  cannot  ehM 
them  from  the  incidence   of  natural   selection.      Those  which,  ob 
pecking  the   water,  failed  to  respond   to  the  stimiJus  by  drinking. 
would  assuredly  die  of   thirst  and  be  eliminated  ;    the  rest  would 
survive  and  transmit  the  congenital   instinctive  tendency.     ThoB  it 
would  seem  that  when  natural  selection  is  excluded,  a  special  uodt 
of  behaviour   boa   not   bocooio   congenitally   linked    with   a  viinil 
stimulus ;  but  where  natural  selection  is  in  operation,  this  beharioar 
has  become  so  linked  with  a  touch  or  taste  stimulns  in  the  ht»k. 
Similarly  in  the  case  of  the  pheasants  and  the  dog.     The  parent  binl^ 
warn  the  yonng  of  his  approach,  and  thus  prevent  the  incidence  uf 
natural  selection.    Hence  there  is  no  instinctive  response  to  the  sight 
of  a  terrier. 

No  doubt  there  are  many  cases  of  complex  behavionr,  seeminglj 
instinctive,  which  are  difiScult  to  explain  by  natural  selection  alone, 
and  which  have  the  appearance  of  being  duo  to  the  inheritonco  of 
acquired  habits.  I  have,  however,  elsewhere  suggested  that  acquiri'" 
modifications  may,  under  the  conditions  of  natural  selectioo,  t"^ 
the  development  of  "  coincident "  variations  of  like  nature  and  dire^ 
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tion,  bnt  having  thoir  origin  in  the  germinal  substance.  Bnt  into 
•  consideration  of  this  hypothesis  I  cannot  licro  enter.  Without 
■naming  a  dogmatic  attitude,  I  am  now  disposed  to  regard  tho  direct 
kruumiBBion  of  acquired  modes  of  behariour  as  not  proven. 

Thns  we  come  back  to  the  position  assumed  at  the  outset — that 
heredity  plays  a  double  part.  It  prorides,  through  natural  selection 
or  otherwifio,  an  outline  sketch  of  relatively  definite  behaviour,  racial 
in  value ;  it  provides  also  that  necessarily  indefinite  plasticity  •which 
enables  an  animal  to  acquire  and  to  utilise  espcrienco,  and  thus  to 
reach  adaptation  to  the  circumstances  of  its  individual  life.  It 
becomes  therefore  a  matter  of  practical  inquiry  to  determine  the 
pniportion  which  the  one  kind  of  hereditary  legacy  bears  to  the  other. 
Observation  seems  to  show  that  those  organiema  in  which  tho  en- 
vironing conditions  boar  the  most  uniform  relations  to  a  mode  of  life 
that  is  relatively  constant,  are  tho  onus  in  which  instinct  preponder- 
ates over  intelligent  accommo<latian ;  while  those  in  which  we  see 
the  most  varied  interaction  -with  comjilox  cin^umstancea,  show  more 
•daptatioQ  of  tho  intelligent  typo.  And  tho  growth  of  individual 
plaatioity  of  behaviour  in  race  development  would  seem  to  bo  accom- 
panied by  a  disintegration  of  tho  doGnitcnoss  of  instinctive  response, 
natural  selection  favouring  rather  the  plastic  animal  capable  of 
indefinitely  varied  accommodation  than  tho  more  rigid  type,  whose 
adaptations  are  congenitally  defined. 

I  have  dealt,  it  will  be  observed,  only  with  the  lower  phasca  and 
earlier  manifestations  of  intelligence.  Its  higher  development,  and 
the  points  in  which  it  dififors  from  tho  more  complex  modes  of  human 
procedure,  offer  a  wide  and  difBcult  field  for  careful  nbgervation  and 
caotions  interpretation.  I  have  recently  attempted  further  investiga- 
■  tions  in  this  fifsM,  but  they  concern  rather  the  relation  of  intelligence 
'  to  logical  thought  than  that  of  instinct  to  intelligence,  which  forma 
the  sabject  of  this  discourse. 

[C.  Li.  M.] 
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Alan  A.  Caxpbill  SnriiiTow,  Esq.  M,B.L 

Some  New  Studie*  in  CkUhode  and  Bdntgen  Badialumi. 

^BM  rescarchoa  of  Crookei!,  Lenard  and  Boutgon  have  giren  to  nu 
»  new  eye.  U'hey  have  perhaps  albO  given  to  natare  a  new  light 
They  have  certainly  given  to  science  more  than  one  new  prohlem. 

This  small  glass  balb  which  I  hold  in  my  hand,  which,  beiag  ex- 
hausted to  a  high  vacuum,  contains,  besides  ita  two  alaminium  elec- 
trodes, only  a  few  billions  of  molecnles  of  residual  gas,  may  appear  bat 
a  simple  piece  of  apparatus.  Could  it,  however,  only  be  induced  wliild 
under  the  stimulus  of  an  electric  discharge  to  reveal  in  their  entirety 
the  secrets  that  it  contains,  we  should  know  much  at  present  utterly 
unknown,  not  only  as  regards  the  nature  of  electrical  action,  but  also 
in  referouoe  to  the  fundamental  constitution  of  matter,  and  tb« 
true  mechanism  of  energy.  It  is,  in  fact,  for  the  reason  that  within 
the  Cror>kes  radiant-matter  tube,  where  molecules  are  separated  bj 
comparatively  long  distances,  it  is  possible  to  deal  not  as  in  ererjdiy 
life  with  aggregates  of  matter,  but  even  individually,  perhajis,  with 
single  molecnles  and  atoms  floating  apart  in  space,  that  so  maoh 
attention  is  at  present  being  devoted  to  this  particalar  branch  of 
physics. 

Every  one  is  now  acquainted  with  what  baa  become  the  quite 
ordinary  phenomenon  of  the  cathode  rays.  I  turn  on  the  induction 
coil  spark  to  this  highly  exhausted  tube,  and  from  the  aluminiiun 
plate  that  forms  the  negative  electrmle  or  cathode,  there  prooeedg,  at 
you  see,  some  kind  of  ray  that  excites  a  green  luminescence  in  tlM 
glusii  up<in  which  it  fuU-^.  I  interpose  in  the  path  of  these  ratboiie 
rays  a  screen,  made  of  aluminium  in  the  form  of  a  cross,  and  the  Utt-J 
oasts  a  sharp  shadow  on  the  gloss.  I  have  here  a  coil  of  *^ 
through  which  an  electric  currout  is  par^sing,  and  as  I  slowly  mon 
the  coil  so  as  to  encircle  the  tube,  and  consequently  gradually  incrow 
the  strength  of  the  magnetic  field  within  the  tube,  it  will  be  obeerved 
that  the  shadow  of  the  cross  rotates,  becoming  at  the  same  tin* 
smaller.  Here  we  obviously  have  a  deflection  of  the  cathode  nj' 
from  their  rectilinear  path,  the  action  of  a  magnetic  field  of  ^^ 
description  being  to  concentrate  the  rays  and  also  to  give  them  a  twii^i 
the  direction  of  which  depends  upon  the  direction  in  which  thecorrenl 
is  sent  through  the  coil  of  wire. 
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This  concentration  or  focussing  of  the  cAthotle  raj4  by  meAus  of  a 
igoetic  field,  which  haa  been  stiidictl  by  Biikelnml  nnd  by  Fteniiug, 
m  be  i»1bo  shown  by  racnns  of  another  tube,  iho  interior  of  which  is 
from  any  obi-traction.  This  tube,  whoa  excited  in  tlio  ordinary 
knnor,  shows,  ns  you  will  ub.'^rve,  the  usual  preen  flnm"f'BCouce 
irly  all  over  its  surface,  but  especially  at  the  rounded  end  opposite 
lie  cathode.  I  sufpcTKl  this  tube  over  one  pole  of  iv  powerful  electro- 
iigiiot,  placed  with  its  axis  in  line  with  tlint  of  the  tube  a«  slinwn  in 
pig.  1.  As  more  and  more  electric  current  is  passe<l  round  the 
lectro-magiiet,  and  the  niagnotic  field 
I  stronger  and  stronger,  it  will 
d  thikt  the  beani  of  cathode 
liVB  b<-coine8  more  and  more  conccn- 
at«.d  to  a  point  op|>OBite  the  |Mde  of 
be  nii\giiut,  until  at  length  wlicn  the 
act  is  fully  oxeit«.d  the  wlude  of 
ccn  fluorescence  in  the  tulm  has 
itirely  died  out,  and  tltc  cathode 
can  bo  soen  as  a  blutKh  cone, 
bo  base  of  which  is  the  cathode  disc, 
ad  the  apex  is  a  very  small  ]Kiitit 
ctly  over  the  centre  of  the  magnet 
}Io.  It  is  not  possible  lo  keep  the 
■be  in  this  oonditioii  for  more  than  a 
ftw  Bocoiids,  as  the  heat  produced  cm 
}lc  gln«8  where  the  cathode  rays  are 
onoentrated  is  so  intense  as  t<i  quickly 
Brforate  the  latter.  Indeed,  by  slowly 
Boring  the  tube  it  is  possible  to  en- 
'prmvo  on  its  intttrior  surface  any  do- 
aired  figure,  the  action  of  the  cathode 
i»y«  hfjingpuflicient  to  erotlo  the  glass. 
Tig  2  is  a  photograph  of  the  globular 
Dd  of  a  tulK!,  ujM)u  the  interior  glass 
nrfacc  of  which,  as  can  bo  seen,  a 
]nare  with  diagonals  has  been 
»ughly  ejigraved  by  this  means. 
Vhether  the  action  is  due  directly  to  the  iKinihardment  of  tlio  atoma 
rhich  fonn  the  cathode  rays  breaking  off  little  pieces  of  glaiw  as  a 
i)Uey  of  niiunto  bullets  would  do,  or  whether  it  is  a  secondary  effect 
ills  to  heat,  is  perhaps  uncertain.  The  result  in  any  case  is  that 
there  the  oonoentrated  cathode  rays  impinge  npoa  the  glass,  the 
Ittor  is  eroded  nnd  visibly  roughened. 

A  concentrated  cutiiode  dinchargo  can  also  be  obtained  by  em- 
ploying aa  cathode  a  Bphoritally  concave  aluminium  cup,  so  arraiigetl 
rvliitively  to  the  ghiBS  of  tlie  tube  that  the  rays  are  givnn  i)!!"  only  from 
the  hollow  Bido,  tiiia  being  the  arrangement  now  universally  used  in 
tvthtm  for  the  production  of  the  lioutgun  ruys.     It  is  a  method  origi- 
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nally  introdncod  by  Crookes,  more  especially  for  sboiring  tbe  heating 
effect  of  tLe  cathode  rays  when  allowed  to  impinge  npon  a  piece  of 
platinum  foil,  aud  it  is  to  Herbert  Jackson  that  wo  owe  it£  applicatioQ 
to  the  prodaction  of  the  iSontgen  rays. 

Here  is  a  tnbe  arranged  u 
in  Fig.  3  with  two  concare 
ciitho<1eB  oppotiite  one  onotber, 
both  foGiisRing  npon  b  smtU 
fragment  of  quicklime.  I  em- 
ploy in  this  case  two  cotLotii'S 
because  I  am  going  to  use  *a 
altcrniiting  elecU"ic  current,  such 
ag  is  supplied  from  the  mmt, 
bnt  ttiiufiformcd  np  to  toma 
20,000  volts  by  being  jwspcil 
til  rough  an  induction  coiL 
Eiich  aluminium  cup  svnvt  'U 
turn  ns  cnthu<lo  aud  nuodu,  an*)) 
as  will  l)o  observed,  when  tLe 
current  is  turue<l  on  and  can- 
■iitions  are  favuurabh'.  *  «ry 
brilliant  and  beautiful  lig)it  il 
priwluood.  This,  however,  onlyj 
\iiftB  for  a  short  time  aud  tLeal 
dies  out,  the  strong  liglit  rt^j 
curring  from  time  to  tinje  it^ 
unequal  intervals.  Thi8Curioiil| 
effect,  which  in  result  is  ftnsl*"^ 
gons  to  the  huntingof  a  budly  adjusted  arc  lamp,  requires  csplatinticn. 
It  iip]wiirs  to  be  due  to  aliB<irption  of  the  residuttl  g:is  by  tbo  linio 
while  the  latter  is  white  h(jt,  und  the  giving  of  it  out  nguiu  !\\  a  lii"''f 
tempornture ;  this  protluciiig  n  periodic  increase  and  decrease  of  lb" 
vacuum,  and  a  coHwquent  do::rease  aud  increase  of  the  energy  of  the 
dischiirge  through  the  tube  aud  of  the  light.  Auotiier  curiuus  !*«'. 
and  one  that  supports  the  bombardment  theory  of  the  oUhoile  ravs, 
is  that  the  rajs  itfter  having  been  allowed  to  fall  upon  tho  hli>ci(i>f 
lime  for  a  little  time,  are  found  to  Iwre  perfoctivoly  straight  and  wrf 
minute  lioles  in  the  material.  This  block,  which  bus  been  nscil  "O 
several  ocensious,  and  has  also  been  turned  round  a  little,  was  solin 
01  iginally,  but  has  now  several  holes  jtassiug  right  tlm'U^jh  it,  »'"* 
of  these  not  being  more  than  about  half  a  millimitro  in  diiiDK't*'''' 
At  the  edges  the  material  is  pomewhiit  bri.ken  away,  but  in  ^^ 
interior  tiio  huks  have  been  so  nccurntely  ero<3od  by  the  catiiodo  nyi 
that  they  look  us  though  they  might  have  boen  bored  with  a  small 
drill.  This  shows  the  great  accuracy  with  which  the  catb'ide  n)'» 
cm  be  focussod.  Again,  it  is  remarkable  that  though  the  cniff"'  " 
altcrnatiug,  and  the  arrangement  of  the  tube  and  electrodes  ptrfrtl'j 
symtnetrical,  so  that  one  would  exjiett  the  heating  and  lumin"U(i  effi<* 
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ndos  of  this  pioco  of  lime  to  be  the  samo,  Uio  light  appears  to 
ren  off  aomctimes  only  on  ono  side  and  somctiiued  only  on  the 

'ith  a  tiil>e  Biich  as  thin,  excited  with  an  alternating  current,  it  ie 
oprotlitco  ctccedingly  high  tcmpcnvtitrca  coiifiuud  to  a  very  small 


fttliode  my  lamp. 


uid  it  18  not  nt  all  impmlnhlo  that  it  may  be  eventually  found 
l»lo  to  proilnco  cntnnKrcially  ami  practically  in  this  way,  hij^li 
je  electric  lampR  of  much  liighcr  efficiency  than  the  ordiimry 
d<-a<v>nl  filament  lamp,  and  |)OHsih]y  even  rivalling  arc  lampo.  In 
of  iboM  latt«r  it  is  Qoceiseary  that  the  incandcecent  Bubstauoo 
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bIioiiM  be  n  fiiirl  j  good  uIoctricAl  cnndnctor  ;  wherciu  in  this  mthntie 
ray  arrangement  lliure  ia  no  ench  limiUtioD,  and  cooseqaeotly  ihere 
in  fk  miicli  wider  range  of  available  refractory  s^nbetanoes.     It  is  tiso 
qnito  OdDCeivablc  that  in  fataro  an  electric  furnace  of  this  natnre  mar 
bo  frmnd  of  service  in  socio  of  the  more  delicate  of  chemical  invi 
gationfi  where  it  is  neoemary  Uj  obtain  in  isoluted  subetanc^  ti 
high  temperatures.     Indeod,  already  CrookeB  and  MoissAn  have 
ployed  this  means  fur  taming  into  graphite  the  surface  of  a  diaiD'Hi*!. 

It  is  now  becoming  more  and  more  generally  believed  that  Sir 
William  UrookiM'  original  theory,  enunciated  some  tvrenty  years agO| 
■8  to  the  nature  of  these  cathode  radiations,  is  at  any  rate  to  a  Inr^H 
extent  correct.     According  to  this  theory  the  cathode  rays  coneitt  j^| 
material  jiarticles  of  the  residnal  gas,  which  being  similarly  clcctrifiel^ 
by  contact  with  the  cathode  are  violently  repelled  by  the  Utter.    This 
bos  been  the  view  held  fir  a  long  time  by  most  English  physicn 
and  the  chief  point  of  difference  now  appears  to  bo  wliether  th 
material  i>article«  are  single  atoms,  single  molecules,  or  larger  ag^i 
gallons  of  matter. 

I  have  hero  a  model  which  ronghly  shows  what  is  sapp'^fiol  to 
take    plKco.     As   you   see,  there  are  facing  one  another    t^o  plui^ 
eloctrndos,   which    I    am    able    to   charge  jtositively  and  negati 
resptictively  by  means  of  a   Wiroshurst  machine  ;  between  thorn 
BUBfiended  by  a  silk  thread,  what  for  the  moment  wo  will  assume 
be  a  single  atom.     It  is  in  fact  a  gilded  pith  ball.     As  soon  as  I 
the  handle  of  the  Wimsburst  maobine  and  electrify  the  electn)di«,  ■» 
you  see,  the  ball  oscillates  rapidly  from  one  to  the  other.    If  its 
in  contact  with  the  negative  electrode  it  receives  from  this  a  neg»tt' 
charge ;  it  thereupon  is  repelled  until  it  strikes  the  |)ositive  elertri 
where  it  gives  up  its  negative  charge  nnd    receives  a  positive  i 
Again,  owing  to  mutual  repulsion,  it  is  driven  across  to  the  uegkti 
electrode,  and  so  on  backwards  and  forwards.     'I'his  is  a  very  Rimpl 
and  elementary  experiment,  which  I  would  not  have  venture"!  to«bo»^ 
yon  except  thot  it  leads  to  another  which  is  perhaps  of  more  inter?*'- 
If  the  atoms  in  a  tube  were  cauNcd  to  fly  bockuards  and  ft>r>v»rJ»»' 
cqnal  velocities,  as  did  the  pith  ball,  between  anode  and  cathode,  it  <t 
obvious  that  there  would  be  an  anode  stream  similar  in  most  if  not  ' 
all  respects  to  the  cathode  stream,  which  does  not  appear  to  be  tl 
case.     If,  however,  I  now  remove  the  connection  betwecu  the  po«iti* 
electrode  and  the  Wimshurst  maoliine,  and  instead,  connect  thcpi**' 
tive  electrode  to  earth,  leaving  the  negative  electrode  connected  (<>  tl" 
VS  imshurst  machine  as  before,  it  will  be  seen  that  the  pith  balH'* 
with  nnicli  greater  violence  and  rapidity  from  cathode  to  anode  tbM 
it  does  on  its  return  jonmcy  from  anode  to  cathode.     This  isfuf '''* 
reason  that  while  in  the  former  case  we  have  both  the  repulsion  of '•>* 
cathode  on  the  similarly  electrified  ball  and  also  the  attraction  of  tl>^ 
anode  urging  the  hall  on  its  path,  on  the  return  journey  both  biUf" 
anode  are  at  zero  potontiol,  and  consequently  there  is  the  •ttrirf'* 
of  the  distant  cathode  only  causing  the  ball  to  move.     Now. ''  "• 
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ccinsider  the  condition  of  afllAini  insidn  a  focus  tiilto  wliilo  n  discharge 
is  taking  place,  tliia  Inst  t-xperluu'ut  niny  holp  ua  to  underetund  at 
le»st  one  possible  reasoti  for  the  atoms  not  boing  [trojeetcH  from  the 
anode  at  aojrthing  like  the  vdo^-ity  llmt  Ibty  aro  {irojocted  from  tho 
cathode. 

Fig.  4  hfls  been  prepared  t>>  show  the  probable  distribution  of  posi- 
tirely  and  nogativoly  uloctnfi«>d  atoms 
in  a  focus  tube  uhilc  the  dischargo 
io  taking  plac«'.  ]t  its  largely  based 
njton  pnviouR  siniilur  illnstnitioiis 
due  to  Prookes,  a])plied  to  a  tulic  of  a 
diflercut  fonii.  As  will  bo  ^eeii,  tho 
great«r  |>ortii>ti  of  the  bulb  is  tilled 
with     |MJsittv(dy    tleclrifiwl     utoiiis,    ns 


i'ui.-l. — |liii;:ran)i«1tiiwiti);i>r>bable 
<liribibiitt«>n  of  ijmitivi  ly  aii<( 
iifKHtively  churgtsU  ututun  in 
a  focus  tubu. 


[graph  mi  '  Electric  Movements  in  Air 

[arid  W ator '  siiovv  that  in  nirat  onlitiary 

JRtnioKplicric  pressuru  there  in  u  similar 

ItcndL'iioy  for  tho  (Risitive  disclmrgu  to 
much    more    dispersive    thau    the 

[tiogativo. 

Now  aFsuminc  that  the  6guru  cor- 
rectly denotes  the  condition  of  the 
atoms    iiisi'le    tho    tube,    it    is  evident 

[that   considering  only  the  contents  of 

itlio    tnl>6    and    dit-regarding   everything  outside,   tho  antxle    is  very 
mucli  in  the  same  condition  ns  the  (mrthed  electrode  in  the  pitii  bull 

r  tix|iurim('iit ;  being  at  th<i  same  electrical  potential  as  the  great  bulk 
It  is  very  probably  for  a  similar  rciison  thiit  iu 

[ft  tabo  of  tlie  foiiu  illiistrateil  the  cathode  rays  are  only  given  off  from 

Ithe  concave  side  of  tlio  cathodo,  the  whole  environment  of  tlio  convex 

llidc  l>6ij)g  negatively  charged,  wi^b  the  rcsolt  that  the  atoms  there 

[ftre  in  a  state  of  otjiiilibritini. 

Whetbiir  this  ezpbuiHtion  is  sufficient  or  not — and  no  doubt  tbero 

|tr«  at  work  other  causes — in  any  case  there  is  no  qnestion  that  the 

I  Velocity  of  the  negstive  stream  is  very  much  greater  than  tho  velocity 

■  of  the  po»itive  stream.     That  there  is  something  of  ttio  ualuro  of  k 

l|io8itivo  stream,  which  increasis  in  velocity  the  higher  the  ezhaustiuu, 

Lean,  however,  be  shown  czperimeu tally. 
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Fig.  6  is  a  ndi<»neter  tube,  eauctly  simiUr  in  priodple  to  thoM 
of  Grookfle.  It  consists  of  an  ordinary  focus  tube,  on  ooe  side  of 
which  a  glass  annex  has  beon  blown,  containing  a  sliding  eairiar, 
holding  half  inside  a  gloss  cap  a  small  and  delicately  pivoted  wheel 
with  mica  vanes.  By  the  eni]iloyment  of  a  magnet,  which  sets  on  s 
piece  of  iron  attached  to  the  sliding  carrier  inside  the  tube,  lean 
move  the  wheel  bodily,  either  oat  into  the  centre  of  the  tube,  so  tbat 
the  cathode  stream  impinges  npjn  the  vanes,  or  back  into  the  annex, 


Fig.  5. — Adjustable  radiometer  tube  fur  sbowing  both  cathoile 
and  anode  Btreama. 


when  the  vanes  are  quite  ontside  of  the  cathode  line  of  fire, 
the  tube  is  put  into  operation  in  this  latter  position  (that  shown  in 
full  lines  in  the  illuBtratiou),  immediately  the  current  is  tnmedon  tba 
wheel  begins  slowly  to  revoWe  in  a  direction  that  indicates  a  stntfi 
from  the  anode  to  the  cathode.  On  the  other  hand,  when  the  wheel 
is  moved  out  into  the  bulb  (in  the  position  indicated  in  dotted  line()i 
so  that  the  cathode  stream  impinges  upon  the  vanes,  the  wheel  imna^ 
diately  begins  to  revolve  with  great  rapidity  in  the  opposite  diicotidk 
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Here,  therefore,  wo  Jmvo  direct  cxperimeiital  evidmioc  that  in  a  ficna 
tulx),  while  the  cathixle  stitani  uf  negativtly  ckctriliail  utoins  pnK:eedR 
at  a  great  velocity  through  the  centre  of  the  bulb,  the  auoJe  strenin  of 
jMisitiTcly  cluctrilicd  atoms  returns  to  the  cathode  at  a  much  lower 
velocity  round  tho  oiitsiile  of  the  cathode  stream 
ap]>roxiiuately  what  prohahly  occnrH  in 
a  tube  of  tho  ordinary  focus  ty|  c,  tho 
directioQ  of  the  two  oppiisite  btrcains 
of  poBitivoly  and  negatively  charged 
atoms  l>ein((  ethown  by  tho  armw-heails. 

If  the  dirahargo  within  a  focus  tiilio 
bo  clfieoly  watche<d  during  thi<  process 
of  eihnnsticiu,  it  will  lie  lotiml  to  alter 
aA  the  vacuum  incroasca.  Firtt  of  all, 
at  a  low  vacuum,  tho  cuth(Kle  rays  enu 
bo  seen  convyrgiaig  iu  tho  form  of  a 
oone  from  the  concave  ciitluMlo  to  a 
focnsi,  and  then  imiuc<Iiately  diverging 
again  iu  another  cone  on  tlic  oilier  t>jdu 
of  tho  f«)cns,  as  sliown  «>n  the  ixtrcme 
left  of  Fig.  7.  It  can  fuithcr  be  hIiowu 
that  the  individual  rays  cross  at  tho 
focua.  As  the  eshautstion  proccedn, 
both  oonvergeut  atui  divergent  cones, 
but  eM])ocially  tho  lattt^r,  becotne 
MDaller  and  smaller,  while  tho  thread 
that  joins  tlum  iMJcomes  longer  Rn<l 
longer  as  hIiowu  in  tho  succeitiling 
Mjctions  of  Fig.  7,  till  at  last,  at  tho 
hightht  viurinim  at  which  tlie  discharge 
will  pass,  the  cntiioilc  rayo,  which  are 
now  very  nonrly  invisible,  appenr  to 
come  off  only  from  a  stnall  nrea  at  the 
centre  of   the   cuthode,  and    not    very 

appreciably   to   diverge   again   after    once  having  come   togellier,  as 
iudiciilo'1  on  the  (:xtreme  riglit  of  the  ilhmtrati(Hi. 

Ni»w  I  huvo  found  that  if  tho  initi-cathode  or  anode  u|W)n  which 
thocatlitNle  rnys  impinge  is  made  u<it  uf  aluminium  or  of  platinum  oh 
Usual,  but  of  ordiimry  electric  liglit  oiriton.  ttio  carlion  becomes 
lumiucHcent  where  struck  by  the  riiys.  Further,  if  tlie  carbon  anti- 
cathode  bo  Bo  placed  as  to  intersect  either  the  convergent  or  divergent 
concB  of  rays,  thot^e;  inalcad  of  proJufing  a  uniform  lumiiioUM  patch 
n]Niu  the  carbon,  pr<H]uoo  a  bright  ritig  with  a  dark  interior.  This 
ring  btoonies  siuHlkr  as  tho  vueuum  is  incrcaKed.  It  devolopH  a 
bright  spot  in  the  centre  as  oxhaust>(m  proceeds  still  further,  and 
tiually  with  a  still  higher  vncuuni  it  chases  round  the  »«pot  until  only 
lh<!  KfKit  itielf  is  left.  These  efltcts  are  shown  for  each  condition  of 
vacuum  in  the  lower  p«rtion  of  Fig.  7,  and  I  have  here  a  tube  that  I 


Fu;.  (i.  — Dingnmi  showinK  prob- 
able riri'  nlion  uf  atotria  iu 
II  t'lK'Uti  tube. 
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will  put  into  action  tmA  ehow  tlio  effect  for  one  degree  of  Ttenum. 
As  you  observe,  the  Inininesconce  on  tho  catIh*!!  18  very  briglit,  in  fict 
the  Burfnco  apficars  wUite  Lot.  It,  however,  takes  the  shape  cif  a  «ell 
defiucrl  holluw  ring  with  a  dark  interior  and  a  bright  spot  at  tlie 
centre,  and  aa  I  dotleL't  the  strenm  of  cathoile  rtiyn  with  a  magnet,  tlie 
ring  ftlso  movoH  with  no  pereoptibio  hi{r,  beiug  at  tho  woe  tioe 
Buniewbat  deformed,  but  still  retaining  its  hollow  charnctiT. 

By  means  of  a  tube  in  which  the  carbon  aiiti-cathode  is  coiinwti^ 
to  the  ]x>8itivc  terminal  by  eliding  connectiuiis,  and  can  be  a(a<i«d  to 
move  along  the  t'jl>c  so  ub  to  iutersoct  either  the  couvurgeut  or  di> 


\ 


r 
@ 


Fig.  7.- 


-Appcarancu  uml  efTeot  of  the  ciilluidi<  rays  in  a  fuciu  talc  at  l(xii 
diiTeriiit  degre«it  uf  exIiouBlion. 


at  oaaf  ■ 
inlln*  in     ~ 


vergent  cones  at  any  desired  point,  it  can  bo  shown  that  with 
of  considerable  couc&vity,  both  tho  convergent  and  divergent 
of  ciitliodc  rays  are  never  solid  bat  always  more  or  less  hollo*  n> 
section, 

Now,  how  can  this  rcmarkiible  effect  be  explained?  Perhipttli* 
most  Btttisfiictory  explanation  is  that  suggtiKted  by  Profewor  0-  '■ 
Fitzgerald,  which  accords  with  the  Crnokes  tliei>ry  of  catlioie  T«fv 
and  bIro  with  wliat  I  have  already  mentioned  as  to  tho  au(^«  i>tnwia 
of  [KiHitively  cliarged  atoms  retnniing  t<J  the  cathode  outside  of  •''* 
rathodu  slrcuin  jiossing  in  the  opposite  direction.  If  we  rctani" 
Fig.  C,  it  18  evident  that  the  supply  of  atoms  to  the  active  cstboiio 
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snrfaco  is  from  all  ronud  the  edge  of  tlie  Intter,  so  that  the  atoms  may 
Tory  possibly  be  all  shot  oS  again  from  tlie  cntliodo  iii  llio  form  uf  n 
bnliow  couG  iK'fore  tliey  get  further  ibaii  a  certain  distance  towunlti 
the  centre.  Fiiithcr,  as  the  VBCiium  iucrcases  wu  kuvw  from  our 
eijMjrimouts  with  onr  radiometer  tube  that  tlio  velocity  of  the  positive 
Btreuni  also  increases  very  considerably,  so  that  under  the  conilitious 
of  a  higher  vacuum  the  atoms  a])pr(>achiiig  the  CHthmlu  huve  more 
momentum  and  coustqueutly  get  nearer  to  the  centre  before  they 
obtain  a  negative  charge  and  are  rc})clled  in  the  cathode  stronm,  thus 
making  the  stream  and  the  rings  smaller  in  diameter.  Of  cuuiso, 
oUL-o  we  start  with  a  hollow  convergent  cone  it  is  easy  to  undcititand 
that  the  divergent  cone  will  also  Ik3  liolluw,  seeing  that  the  atoms  fly 
more  or  less  rectilinearly  crossing  one  another's  paths  at  the  focus. 
How  to  explain  the  bright  spots  in  the  centres  of  tlie  rings,  which 
api>earfl  to  indicate  a  centrul  negative  stream  down  the  axis  of  tljo 
Lullow  cuuus,  is  more  difficult,  but  possibly  the  heterogeneous  uuturu 


Ft<;,  8. 
Aiiparatu*  for  iihowing  the  cathode  my  Rpevtrara. 


■  of  tho  cathode  sti-eatn,  duo  very  probably  to  the  varying  vehicitioB  of 
~  the  negatively  charged  atoms,  may  be  sufficient  to  account  fur  this. 

CriMikes  observed  many  years  «go  that  cathode  rays  were  deflected 
by  a  magnet.  Leuiird  was  the  first  to  show  that  the  rays  arc  not 
hiiiuiigeneiius,  but  mxoc  are  mi  re  ciuily  deflected  than  ulliers.  Birke- 
Liiid  went  one  stei*  fin  ther  than  this,  an<]  «J!iowe<l  titat  if  a  thin  catboile 
Loam  was  deflected  by  a  suitHble  mngnetiu  field  it  wah  gpbt  up  into 
bnndlos  of  rays,  and  if  allowe<l  to  fall  upon  the  glass  walls  of  thu 
tube,  it  g'ivo  duorescont  bands  of  altt^niute  brightucss  aud  darkuess, 
whiidi  he  tennod  the  magnetic  s|K'ctrum. 

Fig,  8  represents  an  apparatus  for  showing  this  effect.  Tho 
cathode  rnys  proceeding  fiHiui  a  Hdt  ahiininium  disc  are  caused  Uj 
pans  tlirough  n  narrow  slit  in  a  piece  of  phitimiin  which  serves  us 
the  an<Hle.  After  ]MtHsing  through  the  sltt,  the  ruys  impinge  upon 
the  bull),  and  if  otherwiK<j  uiiafTooted,  produce  a  tiarntw  tiand  of 
iiileuHu  luuiiuescouce  upon  tho  glass.     At  each  side  of  tho  bulb  ia 


'£L  (hmfMl  SieiuUm 


[Feb.  i, 


fixed  an  eleetmottgnet,  prodacing  Btrmigbt  m^nfiie  liars  aorufis  the 
psUi  of  the  rmjB,  As  aooD  as  the  magnets  are  exciU*^  tbc  catlioJo 
htsua  ia  deflt«ted  acd  split  np,  and  iuFtoad  of  having  a  single  narrow 
line  of  InmlDeaoence,  we  now  have  many  Iitic«  Mith  durk  ioterveui 
aptioea,  all  in  eon<^tant  morement.  Ad  experiment  liko  tiiis  cannot 
idioffn  to  an  audience,  bnt  I  hare  prepared  pIiotograpLs  which  will 
make  the  effect  prodnoed  clear.  Fig.  9  is  a  phoUigrapLi  taken  withuiit. 
camera  or  lens,  and  produced  simply  by  binding  a  strip  of  sensiti 
photographic  film  round  the  bain  of  the  tnbe  and  making  a  sini; 
discharge  by  a  single  break  of  the  contact-breaker  of  tlie  inihieti 
coQ.  The  film  being  in  close  contact  with  the  glass  is  impressed 
the  Inminoas  bands  that  the  nuuqually  deflected  c-.thode  rays  y 
dooe  on  the  latter,  and  wo  have  a  phot<igm[ibic  iniago  of  the  bau< 
fur  a  single  electrical  discharge.  Nur  is  this  nil.  By  iu^^rtinj 
between  the  glass  and  the  p}i(>t«>gni|ihic  tilin  a  picco  of  very  tltin 
black  paper,  so  placed  as  to  cover  tmly  one-half  uf  tlie  spectrum,  it  is 
{Kjesiblc  to  obtain  a  photograph  of  tlic  banils,  one  half  of  which  is  (iao 
to  the  visible  flnoresccnt  liuuinuHity  of  tlio  gloss,  and  the  other  hslf 
to  the  invisible  Dontgen  rays  prodnoed  by  the  impact  of  tbe  catbixlo 
rays  on  the  glass. 

Fig.  10  is  such  a  photograph,  and  it  mil  be  seen  that  the  Rimtgei 
ra}'8  are  also  given  off  in  bands,  wbich  arc  co-tcnuinons  with  tl 
fluorescent  bauds   though    photogmphicallj*  fainter   tliau  the  latti.^ 
In  the  photographs  showo,  this  difference  in  density  between  the  tw 
images  is  lessened  by  the  interposition  between  the  gla^s  and  the 
film  in  the  case  of  the  Inrainons  jrartiou  of  a  thin  sheet  of  »JigbtIy 
yellow  ooUnloid.     Withont  this  the  difference  would  Ite  si>  great  thi 
it  woald  not  be  possible  to  show  both  images  n(K>n  a  single  fiim. 
courso,  this  faiutuess  of  tlio  liuiitgen  ray  bands  is  only  to  be  cxpec 
as  in  the  photograph  of  the  Inminous  bands  the  Riuitgen  rays  arc  •! 
present,  so  that  in  the  one  case  the  photogriipliic  image  is  the  result 
of  both  de8eri]*tii>ns  of  mdiutions,  hud  iu  the  other  is  e3iuse4l  by  imly 
one.     It  is  worthy  of  note  that  in  the  ciK>ctrum  imago  prtnluM'*]  I  y 
thu  Iloutgen  rivj'S,  the  greatest  photogmphic  etTeet  is  iilunys  prudace<i 
by  the  least  deflocto  1  of  the  cathode  ray  streams,  that  is  to  say,  by  that 
stri<Am  which  presumably  was  truveliiug  at  the  greatest  vebtcity.    It 
is   obvioDs   that    tbo  cathode  ray  atoms   wbieh  are  travelling  tuost 
rapidly  will  be  the  ones  least  di-Heeted,  just  as  the  faster  is  the  flight 
of  a  bullet  the  flattor  is  its  trajectory.      Here  we  Imre  a  pmhil'lo 
cxplmation  of  the  existence  of  the  bands  which  most  likely  uru  linu 
to  the  atoms  of  the  calhtMlo  rays  having  cither  from  the  tirbt  diCcrenl 
velocities  im])artcd  to  them,  due  to  the  oscillatory  vbarovter  of  tlio 
induction  coil  discharge,  or  from  their  ("Athcring  into  groii]Mi  travelling 
at  dilfcrent  velocities  on  the  well-known  principle   that  occasion!)  tim 
trafiic  in  the  street  to  form  knots  of  maxima  and  minima,  owing  tu  tbo 
faster  vehicles  catching  up  the  slower  and  bein<»  imj)ode<l  by  them. 

The  axial  stream  in  the  centre  of  the  hoHow  cathode  ray  d'Urt 
may  possibly  also  be  duo  to  the  same  tanse. 
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In  any  caoe  the  pbotographs  tiiat  I  have  shown  yon  prtjve  very 
couclugively  that  those  negative  atoms  which  are  Icftst  deflocteil  by  a 
ninguct  ore  those  which  produce  thrs  most  active  Rontgen  niyB,  niid 
ilicreforo  it  fulhiwe  that  the  quality  of  the  Ei>iitgen  rays  is  very 
largely  dopeudoDt  iiptm  the  velocity  with  which  the  negative  atoms 
strike  npon  the  anti-cntbwle.  Quito  in  liannony  with  this  th<^oi-y  is 
an  cxjwriment  which  I  will  now  phow  yo«,  I  have  liere  a  Riiutgou 
ray  tube  with  two  cathoilcs,  ne  shown  in  Fig.  IL  The  catluKhs  nro 
l>olh  in  the  same  tube,  and  Uiereforo  the  conditions  as  regiinls  vaciuim 
nuist  bo  the  saniu  for  botli.  They  both  focus  upon  opjiofiito  sides  of 
the  same  platinum  anti-cathode,  and  they  only  ditTcr  in  the  fact  that 


Fio.  11. 
Focus  tube  witli  two  Cd(hoduii  of  JifTcreiil  iliiiiiicters. 


ouo  is  considorably  larger  than  the  olhor.  I  will  now  put  the  tube 
into  oponition,  using  the  larger  cathode,  and  a«  you  wo,  pcarcoly  any 
Ilohtgcn  rays  nrc  produced,  while  what  there  are  do  not  punotnito 
my  hand.  I  will  now  alter  thoconiicctionB  iiml  use  the  siiiallor  ctitlioilu 
LlMt^Ad  of  the  larger  onn.  Now  very  penetrative  Ii("int<:on  rays  aru 
f|{eoer*te(l  in  abundance,  and  ^ou  can  clearly  sco  the  siiuduw  of  tbu 
LoDCfl  in  my  hand  on  the  fluorescent  screen. 

Hero  is  another  tulio  which  is  fiimiBlud  with  four  cathod'S  all  of 
•Hffcrcnt  sizes  and  all  arranged  to  foiim  upon  the  same  anti-cathodo, 
vhicfa  can  be  rotated  so  as  to  face  the  particular  cathode  in  ii^c.  'I'liis 
lobe  buhavcg  just  like  the  other,  and  f<>r  any  given  degree  of  exliaiistion 
au«irativo  liuutgon  rays  the  sniullur  the  catbude  ouployed. 
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It  is  found  tliut  tbo  smaller  the  cathode  the  greater  is  the  E.M.F. 
ru|tiircd  tu  cause  the  electric  discbarge  to  pass  tbn)ngh  the  tube,  and 
probably  in  conscqntnce  of  this,  and  also  perhops  btfaiieo  a  Itirs  iinniL«r 
of  atoms  C4in  get  into  tlie  vicinity  of  the  cAthodo  at  one  time,  the  greater 
is  in  all  probability  the  velocity  of  the  stretuu  of  atoms  that  form  the 
cathode  rays. 

The  particular  material  employe<1  for  the  anti-«athode  enrface 
als(^  materially  affects  tbe  production  of  the  Boutgen  r&yg.  This  is  a 
flubjcct  that  was,  I  btlievo,  first  iuvi-Btigated  by  Professor  Silvauns 
Thompson,  who  found  thai  the  best  absorbi  nts  were  the  In-st  emiltore 
of  the  Rontgen  rays — in  other  wordfs,  that  the  best  materials  for  the 
anti-cathode  were  metals  of  the  highest  atomic  weight.  If  the  Ronlgen 
mys  are  pro<lnced  by  the  sndJen  removal  of  velo<'ity  from  the  cnthode 
ray  atoms,  or  by  a  sudden  change  in  tliis  velocity  by  culliMon  with  llie 
atoms  of  the  auti-catliodc,  this  is  in  accordance  with  what  would  be 
expected,  as  substances  of  high  atomic  weight  would  obvionsly  be  tbe 
most  efiScient  by  reason  of  the  greater  inertia  of  ti.eir  atoms. 

I  have  made  numerous  experiiiients  with  various  metals  fi>r  tbe 
auti-cntbode,  and  I  have  here  a  tube  which  hiis  a  movable  anti-catb' 
n)adc  half  of  aluminium  and  half  of  platinum.     By  jerking  the  tub 
A;ithcr  the  platinum  or  the  aluminium  jiortions  cnn  be  brought  oppuM 
the  uUhode  and  put  into  use,  so  that  under  exHCtly  similar  ct>udilioni 
IIS  regards  vacuum,  size    of   cutiiodc    aiid    bidb  and    distnure,  it  is 
possible  accurately  to  coni|>are  the  efficiency  of  tbo  two  suhstaoceSi 
Fig.  12  is  a  photograph  of  my  wrist  taken  with  the  platinum  porti 
of  the  anti-cathode,  nnd  Fig.  18  one  taktn  wiih  the  aluminium  porti 
The  conditions  were  otherwise  identical,  but,  as  is  very  obvious, 
result  vi  ith  the  platinum  is  much  superior  to  tbe  other. 

Tlie  usual  method  adopted  for  varying  tbe  resistiince  of  a  Bdntgcn 
ray  tul>e,  and  thus  modifying  tbe  ubaiacter  of  the  Itontgeu  lays  tliat 
it  protluces,  so  as  to  obtain  the  exact  {teuetmtivu  quality  that  is 
desired,  is  by  varying  the  vacuum.  1'bc  higher  the  ixhaustiuu  Ui«, 
greater  is  tbe  resistance  to  tlie  passage  of  the  discharge,  the  grenti 
is  the  velocity  of  the  cathode  rays,  sud  the  more  ponttrutive  aif 
I{(>ntgen  i-ays.  This  variation  of  tbe  vacuum  is  usually  i-flected  b; 
heating  tbe  tube,  which  has  the  effect  of  driving  out  into  the  iuterioi 
imulecuUs  of  the  rcsiduul  gas  condensed  or  <Hcluded  upon  the  glasii 
Apart  from  this,  very  possibly  the  temperature  of  the  contents  of  tlia 
tube  and  the  kinetic  energy  of  the  molecules,  whicli  is  gi  cater  tii* 
liigLcr  the  temperature,  may  iu  itself  assist  thu  passage  of  the  dis- 
charge. 

Tbcro  are,  however,  otlier  means  of  varying  tbo  resistance  of  a 
tube  and  ulturiug  the  charucter  of  the  rays  that  it  generat*  s  whicb  do 
not  dc{Kirid  upon  either  tlie  degree  of  exhaustion  or  u]>on  the  tcuipcre- 
ture.  One  method  for  clTccting  this  reguhitiou  couf<i^t•  iu  making  the 
anti-cuthodc,  which  is  also  the  onodc,  movable,  and  altering  tbe  (bi^ 
tance  between  it  and  the  cathode  ;  another  in  making  the  catbixU 
luuvableaud  ultcriug  its  position  relative  to  the  glass  walls  of  the  taU. 
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le  fonner  earn  the  tnbe  may  be  oonstraoted  as  shown  in  Fig.  14, 
lioh  the  anti-eathude  is  nonnted  on  a  sliding  stem  so  that  by 
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Fta.  14. 
Adjnaiable  aiiode  tube. 


Fio.  15. 
AdjiuUble  oatliode  tnbe. 
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shaking  the  iab«  its  distiiDce  from  tho  ovtbode  csd  be  ▼oried.  la 
this  case  the  nearer  the  anti-onthnde  is  placed  to  the  cathode  the  highir 
is  the  resistance  of  the  tube  and  the  more  penc-trati?o  arc  the  ROntgcu 
nya  that  are  generated. 

Fig.  15  bIiows  another  furm  of  adjuBtnble  tube  in  which  the  anti- 
cathode  is  stationary,  aud  it  is  the  cathoile  that  is  movable.  Tlio 
cathode  is  hero  so  mounted  npon  a  sliding  stem  that  it  can  be  movtrd 
in  and  ont  of  a  slig)itly  conical  annex  blnvm  npon  one  side  of  the 
glass  bnlh  of  the  tnUi.  I  will  put  a  tnbc  of  this  description  inti) 
operation,  bogiiiniDg  vrith  the  cathf*de  in  tho  position  shown  in  tlio 
illustration  in  dutted  lines,  when  it  is  ontside  the  antiex  in  the  bulb, 
and  let  you  see  tlic  eSoct  of  gradually  moving  it  backwards  into  tho 
annex.  Wo  will  observe  the  character  of  the  resulting  Koutgcn  rays 
prmluced  at  ench  position  with  a  fluorescent  screen.  The  tul)e  UfCtl 
has  a  small  piece  of  iron  attached  to  the  cathode  so  that  we  can  move 
the  latter  by  means  of  a  magnet  according  to  the  snggcstiou  of 
Dr.  DawBon  Turner  and  others. 

Yon  obserro  timt,  to  commence  with,  witli  tlie  cathode  right  ont  in 
the  bulb  we  get  Rontgcn  rnys  which  can  do  little  more  than  pene- 
trate tho  black  paper  backing  of  the  screen.  My  hand  throws  n  dark 
shadow  on  the  fluorescent  surf^ice,  but  yon  can  see  no  bones,  as  the 
rays  will  not  penetrate  my  hand.  I  now  move  the  cathode  a  little 
bock  towards  tlie  edge  of  the  annex.  The  bones  are  now  just  visildo. 
The  hand  is  still  very  black,  but  the  Iwncs  can  be  seen  ;  now  on 
moving  the  cathode  just  inside  the  edge  of  the  annex  tho  Ixincs 
become  very  clear,  and  when  I  move  it  still  further  into  the  annex  tlio 
rays  become  very  penetrative,  and  even  pass  through  tho  bones  so  that 
their  structure  can  be  observed. 

Fig9.  16,  17  and  18  show  a  series  of  three  photogmjihs  of  my 
hand  obtained  in  this  manner.  They  were  all  taken  with  tho  same 
tube  under  identical  conditions  as  regards  vacuum,  distance,  exposure, 
j>botographic  plate  and  development.  The  position  of  the  ealli'Nla 
oidy  wos  altered,  and,  as  will  be  observed,  tho  results  show  a  murkid 
increase  of  penetration  the  further  the  cathndo  was  movcxl  towards 
and  into  Iho  glass  annex.  In  tho  case  of  Fig.  IG  the  catho<lu  «rtu) 
right  out  in  tho  bulb,  in  Fig.  18  it  was  completely  in  the  aiiuox.  In 
Fig.  17  it  was  in  an  intermediate  position. 

Now  wo  have  studied  tho  cause  of  these  effects  by  means  of  a  tnl>e 
in  wliich  positions  of  IkiIIi  atiode  and  catho<lo  can  be  altered  indo- 
pcndintly  by  a  magnotio  adjustment.  Fig.  lU  shows  a  portion  nf 
the  tube,  and  obove  it  is  drawn  a  curve  representing  approximately 
tho  difference  of  p<:iteutial  required  to  cause  a  discharge  to  pass 
through  the  tube  with  varying  p^^sitions  of  ihc  auti-cathode.  In  lh« 
difigriun  tlio  abscissffi  rcprtsent  the  distance  lietwccn  anti-cathude 
(which  also  formed  the  anode)  and  the  cathode,  divided  in  tenths  of 
an  inclj,  while  tlio  ordinatos  represent  also  in  tenths  of  an  inch  Uio 
length  of  the  alternative  sjiarks  in  air  between  two  brass  Iwills  }  ineh 
in  diameter.     Starting  with  the  auti-cathodo  in  its  furthest  p<igitioii 
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from  the  cathode,  sod  moving  it  gradnally  tnwanls  the  latter,  it  will 
bo  observed  that  nt  first  there  is  a  alight  gradual  iiicrense  in  tho 
length  of  tho  altcruativo  spark.     Then  fur  the  noxt  Buiall  movcuiuut 


DISTANCE     BETWEEN 


Fici.  19. — DiHgrnm  ibowin;;  liow  Ihn  rc^igtanoe  of  n  tube  ia  altered 
by  vuryiog'  the  pMiliou  of  tlio  buo<1c. 


there  ia  a  very  sudden  increase,  and  iifior  that  a<,'nin  a  pradiial  incrcapo 
till  wc  Ui't  to  the  point  inarkod  in  ihittod  lines,  which  dcuotes  tho 
limit  iif  travel  that  tho  anti-catliwlu  was  allowid. 

Now  l«jt  iiH  como  to  Fit;.  20,  wliieh  rciircseuts  tho  effect  of  moving 

Ihc  citliodo  in  t)io  Hauio  tuh\  the  anti-ciithodo  being  stationary  in  tlio 

xitinn  sliown.     Here,  aa  will  bo  seen,  the  less  the  distance  between 

kthode  aul  anti-cathodo  the  less   is  tho  length  of  the   ulternative 

■park. 

This  dlKlanee  in  this  ca8<)  dooi  not  apponr,  liowcvcr,  to  he  the 
'detrrmining  factor,  as  it  is  more  than  ciMiutcrhulancod  liy  tlie  more 
jnii>firt.int  factor  of  tho  position  of  the  i-athndo  relatively  to  tho  glat^B 
^Bwails  of  tho  Inhe.  Wo  have  a  unidiial  dwreasc  in  the  length  of  tlio 
^fBltcTiintive  K|>ark  as  tlio  cathode.  \h  inoveil  n  litllo  tovvunlN  tho  anti- 
^Heathotlu,  then  a  furl  her  much  inoro  m]>i<l  doc-rcasit  as  the  cuthodo 
^Bainergcs  fr^nn  tlR<  Mnn«x,  ami  a  Htill  fni tli'.'i*  «>li;;ht  dfcnase  us  it  is 
^^  moved  away  from  tho  j'hiRs  wallH  out  into  the  hulh. 

Now  i\H  to  tho  ciTeet  upi'n  the  Uoiitj,'eii  rays,  «»  it  has  been  before 
Bmarked,  the  {greater  tho  resistance  of  tlic  tubo  and  the  greater  the 
CALF.  uocctiHiry  to  cause  a  dixchargo  t')  pusn,  the  grealt^>r  it*   the 
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velricity  of  tbo  Rt<im8  that  form  the  cftthnde  isja,  ao<I  the  more  pene- 
trative arc  the  Rimtgcu  tftjR  pmrlucod.     Farther,  so  far  as  the  moTing 


20. — Diftf^i^m  allowing  hnw  tho  n<«liilAiMy>  ft  »  tiilifi  ia«ltorr<l 
by  varying  tlie  position  nf  I  lie  cntlioile. 


CAthode  is  conoemcd,  the  supply  of  atoms  apponra  to  Im  of  great  to 
portance.      If  penetrative  Ronfgen   rayn    aro  doRircd    the  acccfx 
atoms  to  the  cathode  must  be  n-strictexl.     If  only  a  few  kttms  c»u 
get  to  the  cathode  th»8o  are  projected  at  great  velocity;  if  there i 
to(t  ready  access  the  atoms  crowd  iu  upon  tho  cathode  and  the  elect] 
cal  charge  of  the  latter  is  unable  to  throw  them  off  with  ronch  8]>oc 
It  is  possible  to  restrict  the  supply  of  atoms  to  the  cathode  either  I 
bringing  the  latter  back  into  a  recess  or  annex,  as  in  the  tube  jnl 
shown,  or  a  tube  such   as  is  illustrated   in   Fig.  21,  in   which  b«ith1 
cathode  and  anti-cathode  are  fixed,  but  in  which  thero  is  a  movullo 
conical  glass  shield  which  can  be  brought  up  from  behind  the  cathoilo 
BO  an  to  impede  tho  access  of  the  atoms,  which,  as  we  have  seen,  ( 
in  round  the  edges  of  the  cathode,  to  any  desired  extent     Thi 
regulates  just  as  did  tho  adjustable  cathode  tube,  and  its  offic 
a  long  way  to  prove  that  the  theory  as  explained  above  is  subetaoi 
correct. 

Id  ortlor  to  produce  sharply  defined  Jlontgen  photographs  it  ii  < 
course  of  tho  utnidst  importance  tluit  the  rays  should   bt?  given 
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from  »  very  email  area  or  point. 
^ftThe  aliarpDeBS  of  dcliiiititju 
^wvaries  conaiilerably  with  diffcrcut 
^Vtnbes,  and  a  rendy  means  of 
V judging    as    In    their    quulity   iti 

this    rt«pect   is  very  useful.      I 

Lavo  here  a  xcry  jiretty  arrange- 

iDent  fur  thia  piirposo  which  ia 

the  idea  of  Mr.  Moc-kuiizie  Diivid- 

eon.      It   consists    simply    of   a 

fqiiiire  wixxlen  frumo  over  which 

are  stretched  at  equal    dibtiuices 

ka  number  of  parnllel  wires.  TLcro 
•re  two  sct«  of  wires  erossiii(; 
one  another  at  riglit  angles.  By 
holding  this  screen  near  the  ttibo 
'  and  cianiining  the  cjhadona  cast 
by  the  wires  upon  a  flaoresccnt 
screen  at  different  distances,  it  is 
easy  to  see  whether  the  definition 
of  the  tube  is  good  or  bad.  Hero 
are  thro<i  Routgea  photographs 
of  the  wires,  all  taken  at  the 
same  distance  but  with  different 
tabes.    As  will  bo  observed,  they 

kTary  very  considerably  as  regards 
distinctness,   showing    that     the 
tables     wore     very    unet^ual     in 
definition. 
Fig.  22  shows  a  |ihotograph 
of  the  wires  taken  almost  in  the 
^  plane   of    tbo   auti-catliode,    tlie 
H  sliadow    of    which   is   visible   at 
H  the    right   of    tho   pictiim.      As 
H  will    be    observed,  the    shadows 
H  of    the    wires    parallel     to    the 
V  plane    of    tho    anti-cathodo    be- 
come   less  and  less  distinct  tho 
»lurther  thoy  are  from  tho  luttcr, 
while  tho  wires  that  are  at  right 
angl<NS  to  the  anti-cathode  piano 
are  exceedingly  indistinct.     This 
is  of  ooiirse  due  to  the  Routgeu 
rays  being  given  off  from  a  spot 
^  of  considerable  area  in  the  ])iir- 
^m  ticular    tnlw    with     whtch     this 
^P  photngra|ili    was    taken,    and    to 
H  Uio  projection  of  the  native  area 
P        Vot..  XV.     (No.  92.; 


Fio.  21. 
Tube  with  a>ljuBtahl«>  glass  idjield. 
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iMiconting  more  bikI  more  of  a  line  wLen  riewad  noftror  and 
iowardfi  the  plane  v{  the  niiti  cnthvxic. 

The  bat  and  most  nccnmte  way  of  lOTeetigstinK  tbe  are*  of  1 
■nti-cnihodo  from  which  tiie  licmtgCD  nys  VKoeed  is  hj  mc 
piii-holu  jihotograplij.     Socio;;  tliat    the    Rdiitgea  mvii  are  Dirf 
fractc-d,  photography  with  a  lens  is  a(  coar»e  oat  of  the  qunstioD, ' 
with    a   i»iii-hi>le   vcrv    fairly  accurnte   and    distinct    iinnj'fi  r.iti 
obtaioe'I.     It  is  only  necesRory  Ut  phtce  a  sheet  of  ]< 
p  D-holc,  near  the  tubo,  nnd  then  to  examine  tbe  rays  ■ 
tlio  hole  with  a  fluoreecenl  screen  placeil  some  way  behind  Uic  In 


Fig.  22. — Uorilptn  my  photuCTnph  nf  n  wire  aciv^n.  tnlou  nli>ir«t  in  Ite 
plane  of  the  nuli-iiit)io<le,  showing  itstiginitt.c  etlW-t. 


sheet,  in  order  to  see  exactly  the  size  and  shape  of  the  artivc  urci 
the  auti-cathodc  ;  or  instead  of  the  screen  a  photogmphic  plutu  niay] 
employed  and  the  effect  nconlcd. 

Fig.  '23  shows  four  pin-hole  phutographa  of  the  anti^cathodo  I 
in  this  way,  giving  tho  effect  pnxlucod  with  fonr  differt'Jit  disLmi 
between  the  cathode  and  uiiti-C!»tli<ide.  Tho  largest  figure  it>  i 
with  the  greatest  distuncc,  and  ei-r  rw«i5.  It  will  be  obaer 
owing  to  tho  anti-eathi  do  being  placed  obliquely  to  tho  rati! 
figures  are  all  obli(|ia<^,  thongh  somewhat  imperfect,  con 
furtlier,  that  wlicii  tlio  d>»tjiiiea  bctrt'ceii  ciithode  and  tui! 
groat,  we  have  a  section  of  the  divergent  cone  giving  a  hulloiv  ; 
with  a  central  spot,  jtist  08  wjia  visible  with  the  carbim  anti-eathq 
Tho  ring  gets  smiiUcr  and  smaller,  and  tiually  disappeari:  as  th« 
tiinco  between  the  electroiles  is  ro<iuced  and  tho  focus  appmacboil 
aTiti-catli<Klo.  It  will  also  bo  noticed  that  whoro  in  the  ring  iior^ 
of  the  fi^UTC«  the  cathode  rajs  strike  most  uornmllv.  that  is  tu  ^ 
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H«t  one  of  the  tnro  pointa  of  grentost  cnrraturo  of  eacb  ellipse,  the 
Kontgnn  rays  are  produced  more  actively  than  in  the  rerauiniug 
portion,  where  tlio  cathode  rays  impiugo  on  the  nnti-cathodo  more  on 
the  BlunL  This  is  still  more  marked  in  Fig.  2t,  which  shuwB  what 
are  practically  sections  through  the  major  avid  minor  aies  of  one  of 
the  images  shown  in  Fijf.  23.  They  were  taken  simihirly  to  the 
others,  b^t  with  the  p'n-hulc  and  photographic  plate  almost  in  the 
plane  of  the  anti-c>ithiu{o. 

By  some  it  is  imngiiiol  that  hecauso  the  Rnntgen  rays  are  so  very 
penetrating,  therefore  they  are  of  the  nature  of  an  invisible  light  of 
groat  intensity,  which  though  not  nffeciing  tho  human  retina  acts 
upon  photograpliic  |«latc9  very  pi»\vcrfiilly.  This  is  quite  erronoiis, 
and  as  a  matter  t»f  fact  tho  photographic  <>ffect  of  Hijtitgen  rays  is 
relatively  very  fceblo.  I  hiive  invc^tigatod  this  hy  means  of  two 
photographic  ])lates  wliich  1  hiwe  exposed  roHpentively  to  a  very 
powerfully  cxcitod  liontgen  ray  tube,  screened  hy  hliick  paper  to 
remove  the  visible  luminosity,  and  to  tho  light  of  a  single  Ktaudard 
ctindle.  The  Riintgen  ray  tube  was  employed  at  a  distnnce  of  two 
feet,  and  the  citndlo  at  a  (iistiince  of  ton  feet,  so  that  ac-ording  to  the 
law  of  inverse  wpmrcs,  which  holds  g  lod  for  Rontgen  rays  as  for 
light,  tlie  intensities  of  tho  two  i-adiations,  supposing  them  to  be 
etjnal  to  start  with,  would  be  in  the  iimportion  of  25  to  1.  Each 
p^ate  was  exposed  in  sections  for  varying  lengths  of  time,  live,  ton, 
fifteen  seconds,  and  so  on,  each  snccoediiig  section  being  exposed 
five  seconds  longer  than  the  preceding  one.  By  sliding  thu  two  nega- 
tives past  one  nnoiher  it  is  imKsiblc  to  compare  them  very  accurately, 
•  ftnd  the  section  expwed  to  tho  light  of  tlie  standard  caiidio  for  ten 
acoonds  is  almost  exactly  of  equal  density  to  the  section  cx|)08cd 
to  the  Rontgen  rays  for  twcnty-fivo  soeonds.  The  {iliotograpbic 
power  of  this  piirticiilar  Kout^en  ray  tube — nud  it  was  a  very  good  ouo 
— WMt  thcrefo  e  less  than  one-sixtieth  of  thatof  one  sUn dard  candle. 

With  regard  to  tho  true  nature  of  tho  Kontgeu  rays  there  have 
boen  many  theories.  There  is  the  original  fiivgeslion  of  Rontgen 
himself,  that  they  may  poKsihly  consist  of  longitudinal  waves  in  the 
ether.     Others  have  thiugbt  that  they  wore  puF'Sibly  ether  streams  or 

tvottices.     There  is  a  theory  propoundud  by  Teslu  and  others  ihat 
they    onsist   of    moving    material    particles,  atoms   or   corpuscles, 
similar  to  the  cathode  rayp,  which   reminds  one  «»f  Newton's  corpus- 
cular tbeory  of  light.     'I  lie  re  is  tho  more  generally  received  doctrine 
that  they  are  simply  exceedingly  short  transveiwe  ether  waves  similar 
in  all  respt'Cts  to  the  waves  of  light,  only  so  much  shorter  than  tho 
^^LjnoBt  ultra-violet  waves  hitherto  known  that  they  pass  between  the 
^^■itio  leu  ales  of  matter,  and  are  roiisequently  neither  refracted  nor  easily 
^Hfttprbo'l  or  reflected  by  any  mcdm.     Lastly,  there  is  the  theory  first 
^KHffrated  to  tho  wtiter  curly  in  lK9(i  by  I'mfuKsor  George  Forbes, 
^^■ftiid  roCi^ntly  indopendcutly  enunciated  and  elaborated  by  Sir  fioorgo 
^BStiikos,  which  imagines  theui  to  bo  fr<'4]uently  but  irregularly  repeated, 
^Hfaii>li4tod,  nnd  indi^jHrndcnt  disturbances  or  puifses  of  tho  ether,  CAch 
^BboImj  bving  similar  iM^rhaps  to  a  single  wave  of  light,  and  consisting 
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ci  a  mngle  truurene  vave  or  ripple,  bat  ibe  pal«es  fullovring  oa  _ 
another  in  no  regnlft.r  order,  ur  at  auy  regnlar  frcqiiencjr  &8  do  the 
trains  of  ribrati'iu  of  unlioarj  light, 

Then  ag;ain,  there  ia  the  q'lesliun  of  ttio  rocc'hamsm  br  monus  of 
which  ibo  Routgen  rajs  are  pr  kIoccJ,     Thcj  are  generated  hj  the 
impact   of   the  catli<>de  rajB  np  <a  thu  anti-cathodo,  and    it    is   nol 
becoming   more    aud  nioru  certiin  that  the  cithude  rays  consist 
segatiTflj  charge)  at )m8  travelliiig  at   enonnons  velocity.     If 
accept  tlus  rievr,  there  are  obvi  .a-ily  eevcral  tnethitds  by  which 
may  imagine  (ho  Rontgen  rays  boing  generated  by  the  impact  of  the 
travelling   atoms   apon   the  anti-Gatho<)e.     Eikch    cathode   my  atom 
carries  a  negative  charge,  while  the  anti-cathole  is  ptjeitiTely  eharge<l. 
HO  that  when  the  two  come  into  contact  an  clectricnl  discharge  n-ill 
take  place  bettroeu  them.     An  electrical  oscillation  will  lh«is  tikke 
place  in  the  atom  just  as  iu  the  brass  balb  t.f  a  H';rtz  oscillator,  and 
transverse  electro-m  ignctic  wares  '*ill   be   propagate>l   throagh  tho 
ether  in  all  avAilahle  directious.     As  the  clectr>)-Rtatic  ca|>acitr  i 
the  atom  must  he  exceedingly  small,  tho  pcriixlirity  of  oscillatioa 
an<I  the  ware  frerinently  will  be  enormous,   while  at  the  same  time' 
the  oscillntton  will  probahly  die  ont  with  sufficient  ra)>i(lity  to  atlmit 
of  only  one  or  two  complete  periods.     At  the  same  time  the  grt'at' 
the  diffbrence  of   potential    bctwc<-n    atiim  and  anti-cathoile    at   tfa 
moment  of  impact  the  greater  will  bo  ths  uiniditiido  of  oec illation 
and  the  more  vigorons  and  far-reaching  tlie  othcric  distnrbauces. 

Or  we    may  imagine  a  more  purely  mechauiial    origin    for   the 
Kiiutgen  rays,      it  is  helicvetl  that  tlie  velocity  of  tho  cathi^e  lays 
is   euonnouB,  being,  as  recently  measured  by  J.  J.  Thomson,  or 
10,000  kilometres  per  sch;ou<1,  and  though  Lodge,  in  his  well-kno« 
endeavours  to  detect  a  movement  of  the  ether  by  drog^^ing  a  materia 
body  through  it,  obt-une<l  only  negative  results,  of  course  he  could  no 
possibly  obtain  any  velocity  ut  all  comparable  to  this.     Assuming  tli( 
at  the  relixiity  of  the  cathode  ray  atoms  these  ilo  appreciably  drap  th 
ether  with  them,  there  may  be  some  ether  effect  pn»dnced  analogon 
to  the  fltroospheric  oflfect  that  is  noted  as  the  crack  i<f  a  whip  on 
clap  of  tho  hixnds,  as  eiich  atom  hits  the  anti-cathode  and  relionnds.*  j 

Or  BgUn,  it  is  conceivable  that  tho  phenomenon  is  merely  oo 
of  heating,  and  that  the  cathode  ray  atoms  are  by  impact  with  tfa 
anti-cathode  raised  to  snch  an  cnormone  temperature  that  they  gii 
off  for    A   short  space   of  time  snpir-nltra-riolet    light.     Taking 
Telocity  for  tho  atoms  of  10*  oentimv^'tres  per  scconf,  as  found  bj 
J.  J.  Thomson  to  be  the  minimum  velocity  of  the  cathode  rays, 
calculatiuj?  tho  temJle^l^llre  to  which  a  nitrogen  atom  would  bo 
if,  when  travelling  nt  this  i^peed,  it  were  instantly  brougiit  to 

*  Since  the  above  was  aritten,  the  writer's  attention  lias  been  drnvn 
Pnife«wr  J.  J.  Thomson's  paper,  "  A  Theory  of  the  Ctmnectinn  between  Cftthix 
and  Roritgcn  Rnja,"  tu  llie  'PlnlosoriinVal  Mugaziiiu  ' for Fubruajy.  in  which  it! 
auKgoated  Ihut  RiintKen  rays  consist  of  Vi-ry  tliin  xnd  intense  tlrctrir-mii^rnrtiil 
pulsFB  prr>diire.|  in  ihc  vtUvr  by  tlie  snddeii  ^ttojipago  by  tlie  nnti-i-aUimU'  of  llwl 
ekcttifietl  \v.ivtwlcii  «if  the  cntliudc  my«. 
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aud  tbe  uholo  of  its  energy  convertjd  into  heat  in  tLo  atum  ibwlf, 

w«  have  acourding  to  the  forninla  i 

V» 
T  —  --— 
in  vhic-h  3  J  S ' 

T  =  the  riso  in  tcinperatiiro  in  dogreos  centigrade ;  J 

V  =  the  velocity  in  centimetres  per  eccoud  ;  | 

J  =  joa]es  eqnivnient ; 

8  =  the  8i>ocific  heat  of  oitrngen,  we  have  the  rosnlt  tliat  the  riso 
Sn  tomp«>rature  ie  nu  )oss  than  the  RtiipeuduiiH  figute  uf  approximately 
60,000,000,000  degrees  contignwle. 

This  ia  upon  the  probably  crronc-ons  asmimption  thut  the  specific 

hivt  rotnains  constuut;   but  allnnring  for  this,  and  even  aUowing  fur 

^K  the  morect  fraction  of  the  energy  being  converted  into  heat  in  tbe 

^P  atom  itself,  there  is  obviously  an  Hinple  nmrgiu  to  admit  of  a  tera- 

IMsrnture  Ijeiugactimlly  obtainixl  cnorinously  transcending  tbe  eloctiic 

arc  or  anythinj^  of  whicli  man  has  any  knowledge,     Perhaps  it  niuy 

■  be  objected  tbnt  it  is  only  wlieu  we  eonie  to  deal  with  aggregations  of 
atoms  tliat  we  can  speak  of  beat,  and  that  a  hot  atom  is  a  pbysical 
absurdity.      If,  however,  we  luolc  upon  beat  as  a  riiytlimic  dance  uf 
the  atoms,  pcrbaps  we  may  also  contemplate  tbe  possibility  of  a  single 
atom  executing  a  jxtt  netil,  and  giving  pulses  to  the  etlier  at  oich  of 
^_  its  movc-mcnts.     In  any  case  this  difficulty  disnpjKjars  if  we  imagine 
^Btbo  cathcMlc  my  particles  each  to  consist  of  an  iiggrcgUion  of  atoms. 
^M        The  fact  tlnit  substdnccs  of  higb  atomic  weigbt  form  tbe  most 
^BcfRcient  anti-catbodes,  lends  force  to  the  suggestion  tbat  tJio  Doutgen 
"  rays  are  produc<:d  in  some  way  by  tbe  nndden  removal  of  velocity 
from  the  atoms  that  form  the  CMthtxle  rars,  owing  to  tlio  collision  of 

I  these  latter  with  tbe  o  imparatively  stitioiKiry  atoms  of  wliich  tbe 
'ftnti  cathode  is  comi»o8cd  ;  while  the  effect  observed  with  the  pin-bole 
pbotographs  of  tbe  anti-cathode,  in  which,  as  bas  been  seen,  tlio 
CAlbf.Hle  rays  that  strike  tbe  nnti-cntbodo  m<>st  normally  are  tlio  most 
effective  in  producing  Kiintgcn  rays,  is  uko  in  acconlanco  witb  tbis 
view.  At  the  same  time,  tbe  fact  tbat  in  liiiutgon  ray  pliot  graphs 
of  Birkdund's  cnthodo  ray  spectrum  it  is  always  the  least  detlecleil 
my  tbat  produced  tlic  gruati^st  pbotognipliic  elTict,  goes  to  show  that 
the  liigber  the  velocity  of  the  catiiode  ray  atoms  the  more  cflectivo 
^^  these  bitter  are  in  gcuerating  tbo  Houtgen  riiys. 

^H  lu  coucltisiou.  1  must  expie^s  my  great  inilebtodiiosK  to  tbo  very 
^nblc  aas.ataucc  ol  Mr.  J.  (\  M.  SUintou  and  Mr.  II.  L.  Tyson  Wultf. 
^Krtia  Intter  h'<8  blown  nearly  all  the  tubes  tbnt  1  liave  liouu  ablo  to 
^■•how  this  evening,  wbile  tbe  aid  of  tbe  former  lias  also  bo<.'n  of  groat 
^^ffalue  in  a  class  of  cx]>erimcnting  tbnt  reijuins  much  time  and  labour. 
^H  More  tban  two  years  liuvu  now  olapsoil  KJnco  tlio  date  of  Itoutgen's 
^BdittCovery,  and  nearly  twenty  years  since  tlie  couimenceinent  of  tbo 
^^v«ourch<-s  of  Croolies.  Here,  ss  always,  we  6n<l  lliat  "  Art  is  long, 
^Mipportnuity  fleeting,  oxperinu-nt  nncirtuin,  jn<lgiiioiit  difHcult." 
^|h'hiui  wroto  tbe  (Srcek  l{ip{)ocrat4<s  sontu  t»enty-tliree  centuries  ago, 
^^■ud  time  bas  not  inipaircl  ibu  triilb  of  the  uUctcnt  ajiliorixm. 
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GKNEKAI.   MONrOLY   MEETING, 

Mon.ltty,  Febriuvry  7.  1898. 

Slit  Jamks  Ciuoiitos-Browsic,  M.D.  LL.D.  F.R.S.  Treasurer  auj 
Vico-1'resiilvut,  iu  tliu  L'Liur. 

Enri(|uc  Cortes,  Esq. 

J.  S.  Fuirfax,  Esq. 

Mrs.  S.  Fisher, 

George  HuDiphroyfi-DAfit'8,  Esq, 

Oliver  Irmny,  Esq. 

Jolii)  WilHain  Jarv^s,  E-q. 

Ivan  Lcvirictuin,  Ei-q. 

Jiiliii  Sttiwart  MaoArtliiir,  Ehi].  K.C.8. 

Tile  Hight  Hdij,  L"r<l  Monk  BrctUm, 

J'riidcriik  Jniucs  Quick,  Etq. 

EiiJiiiiuel  R'stnri,  Esq 

rii.irk'8  L.  SamFcn,  Esq. 

Mrti.  R.  Liiwrutico  Sinitli, 

Ktar- Admiral  Artbur  Kuyvctl  Wilson,  V.C.  C.B. 

Were  olt^ctol  MviuLurA  of  tliu  Jtuyal  Inetitutioii. 

Tho  foILtwiug  letters  wore  read:  — 

"  To  the  Trearurer  </  Ihc  Iti'ynl  IwlitHtiun  of  Ortal  BrUnrm. 

"Dear  Siu  Jamks,  "  Jnnm>ry,  J*>H 

"  Aa  Kii  ex|fit'minn  r)l  ||!a  nltii''iinienl  to  the  Iniiilution  witli  wbu-h  he  ••* 
Ml  loTig  (M>iineclrd.  bthI  kT  liiH  gvm|>iilliy  with  ita  ol>Ji  rts.  my  dear  liuai«itil  <l«vut^ 
nil'  (nt  giicli  time  qk  nlimilil  lie  in'>at  conveii  i  lit  l'>  mvM-lf)  tn  )  n»etit.  in  bu 
immi'.  III  Urn  Ui>y»l  Itialitittioit  n  tl.oUMiiicl  |M>Uticli:  tn  be  liirpiwitl  nf,  lU  lk« 
UoBii)  111'  Mfi-  DgiTi  miiy  m-u  fii,  fur  tliu  |ir<iiui<lioii  of  (cifiii'*-. 
"  1  imvo  uuw  tliu  plckbuni  ul  muittiug  ti>  yi'ii  lliis  f<iiiii. 

"  YfiUiB  ruitlifiitly. 
(Signvil;        Ijw  is*  C  Tficwu." 

"61  CurlioJo  PIbcp  ttan^tniM. 

'•  VkfuriaMrw.  S  W 
-Dckn  Mi;s    Tvm>AII.,  "Januai 

*•  1  liBve  l<'  iirkjiowltdtfu  )'onr  le(tcr,  enclosint;  m  iTuatMl  ■  ■  * 

vnluc  of  I'KMIU.  'J'hii>  (;enrr  uh  tlixtntinn  Im  the  fuiuU  of  ti  e  ll<>ymt  1ii>liIuIkw< 
given  Uv  your  Inti:  liimliuriilV  ex|  renfed  wisli,  will  bu  n'>titii-il  tt>  Die  Mkunfv** 
mill  til  llie  Meubi-ni  generally  iit  llitir  Dext  nieetiug,  «lion  n  Ir  -v  ~<  -V'tiniMf* 
ii)«  nt  or  tl«-ir;;raieful  appreciHiion  of  it  will  bfCoinUiuiiicttUil  aitcbils 

I  Iriis'  ynti  nil!  nlluw  me  to  expresi*  n>y  own  sonsi'  nf  tliv  11114  f  lli*  f  >ft 

unil  nl'  ibc  Binipjp  and  tuticliing  tertn.s  in  which  it  has  Urn  cuuvrycd. 

"  The  MnuHgiTH  would  I  riii  sure.di-Bire  to  be  guideil  hy  any  winli  of  ymtiii* 
(o  the  a(i|illrali>iii  of  the  gill,  but   in   thi-  nltetiice  nl'  siiy  e\\'i  :  naalkv^ 

uill,  I  liuvo  110  doubt.  i'iii|ili>y  it  in  the  inomotioti  nf  originA!  rtaaifk 

ill   which  your  bunbHnd'a  vivid  and  peneirating  iutellect  Ueli^niui 
iUiir. 

"  Kf'VFi'cd  ftA  ynnr  Iat«  hiifcb«nd'»  memory  i»,  and  ever  tnu*t  be,  in  th»  I 
IiiBliliilimi,  Ihi.s  iH-talhiiinniiH  niMik  of  Iiir  Koliriliiilr  lor  ita  tkvlbni  mii,  if  | 
dt:(:lH.'U  tilt  alI'i.i.'tiuualL  i:bl^illi  lu  uhich  hi  In  lield. 
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"There  U  iKit,  I  rrgret  to  mv,  in  tlvi»  Rdvnl  InstitatioD  nny  worlliy  preient- 

Birnt  of  tlie  livU>  ProfiMHf  TynJiill.     Yon  hiv.v<>,  I  believe,  a  irnlly  Rood  bust  nf 

liim.  ami  I  slionld  \m  g\iA  to  know  if  you  w.iuM  feol  <iiiipoiKHi  to  uffunj  fucJlitien 

fur  baviug  a  rcplicu  of  tliat  iniidu  foi  tlio  K<iy>il  Iii»Citulion. 

"  With  liiuJ  rcgnriiB, 

'•  Yours  VPry  f«itljfully. 
(SigtiuJ)        JAUiiis  Cbiohtox-Brownk." 

Moved,  seconded,  and  cirried  iiuanimoiisly, 

"  Tlmt  tUo  Special  Tlmnks  of  tlie  Mo[iib'jr»<jf  tlio  TtojHl  Institutjoa 
of  Greut  Britaiu,  in  Ueuernl  Meetitig  n^BiniUlcd,  be  rtttiriioil  to 
Mrtt,  Tjtidall,  ft>r  Lor  generous  D.niatiuD  of  One  Tlniiisand  Pounds 
given  in  fulfilment  of  the  vviBh  of  her  liiis^b'ind,  the  late  I'mfcs^'or 
Tyndall,  for  the  promotion  of  Sciencr,  whieli  be  did  so  nuicJi  by  Lis 
life-long  labiiui-s  to  uilviia<«,  nud  in  token  of  bis  svm[>H.t]iy  vvitli  the 
objects  of  tbo  Roynl  Institution  to  wbicli  be  reuduiwl  such  bi^jual 
service." 

TJio  Special  Thanks  of  the  Members  were  returned  for  the 
following  donations  to  the  Fund  for  the  Promotion  of  Experimeutal 
Uescarch  at  Low  Teinpcrntures  : — 

Sir  Frederick  Abel,  Bart £50 

Professor  Dowar £100 

Sir  Andrew  Noble,  K.C.B £100 

Tbo  Special  Thanks  of  the  Members  were  returned  to  tlio  Rer. 
Willintn  J.  Packe  for  his  present  of  an  Electiic  Lump  and  Fittings. 

It  wns  announced  from  the  Chair  thut  the  Managers  hnd  resolved, 
at  their  Meeting  held  this  day,  that  the  Centenary  of  the  Koyal 
Institution,  which  wiis  founded  in  17'J9,  would  bojiroperly  celebrated 
next  year. 

The  Pkeuksth  received  nince  tlie  Inst  Meeting  were  laid  on  the 
tabic,  and  the  thanks  of  the  Members  returned  for  the  same,  via. ; — 

rou 
Tke  Axrttarij  of  SlaU  for  India— AnvMnl  Progress  Ri-poit  of  tL©  ArchAoIog-iooI 
.Surety  C'iiclo,  N.W.I',  iiiitl  Oudb,  (or  juur  eiidiug  autli  June,  18U7.     fol. 
Ateliituioijieal  Unrcey  n/  India  — 

Liita  »{  ADtu|iwiinu  BcnwiiiB  in  the  Central  Pruvincea  and  Benir.     By 
11.  Coui«ii>«.    410.     1807. 
Tke  Gruvmiir  Gtneral  of  Ik'Uu — Geological  Survey  of  India :  Records,  Vol.  XXX. 

Putt  4,     8v.i.     18'J7. 
7^  Lfrr<U  I'f  Ihf  AdmirnUy — 

AnnnU  nf  ihc  Cape  Olftri-alarti — 

Vol  111.    Tlit<  Cnpe  Pliotugrnphic  Durchmutt«run!;  for  the  Equinox,  IflOJ. 

By  D.  Gill  and  J.  C.  Knptt-ui      Part  1.    ^to.     1800. 
Vol.  VI.    8olar  Pomllnx  ttotu  Ueliomctor  ObeerTalioua  of  Minor  Planets. 

Vol.  1.     4t<).     IS'J?. 
Vol.  VII.   8<ilnr  Puialliix  from  Obiservatioag  of  Victoria  and  Sappho.  Vol.  )L 

4  to.     IS'.te. 
Capo  Mcridiiin  Olxwrvntions,  1801-65.     Svi.     1897. 

Appendix  io  Cape  Meridian  ObMirvatioDB,  1890  -Ui.    (Star  Correction  Tables 
by  W.  U.  Fiolay.)    ito.    1895. 
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'  Aetodem^ia  dti  Line*!,  lirah.  liuma—Ali'x.  Serie  Quiulu:  Bendlonali.     Cl«ne  di 

Science   M<inili.   \'o\.   VI.    Fb£C.  t*-l2.      Clnwe  di   Scienze   FUiehe,  etc. 

•J^'Semettre.  Vol.VI,  Fnw.  10;  P  Semwitre,  Vol.  VII.  Kmc  1.    8to.    1S97-98. 

Aitidell"  Arci'demia  Pontifleiaiic' JJtiovi  Lin<cL  Anno L.Sibb.  VII*.  -tfo.  I«t7. 

Afrieultural  Soeietf  of  Gnat  Britain,  i?oyai — Juurntl,  3rd  Series,  Vol.  VIIL 

Part  4.     8»n.     18Sr7. 
Amttf;'it,  Pmfamrr  E.  H.  (ffce  .IvlAor)— Rnvhercboi  lur  I'lilMUoit!  de  l*liir  aoni  d« 
luitilea  prfa<io(ii.     8><>.     iSSM. 
Rprherchcs  nur  la  ccim|H¥Sfi)>il.t^  dea  gaz      Evo.     188.*). 
H^nioire  fur  la  <v>ai|>r«»ibilite  ilin  lii)aidt'«. 
Snr  la  mmpreai^ibiliie  ilea  kmi  anus  tie  fortes  preflKtntiei. 
Ile'moire  eiir  la  rompr^MibiJiW  (It*  K«i£  ft  d<-»  piveai'Ds  eleT(«ea.    8to,     IWO. 
Rf^lierches  aur  relnsticit^'  dea  aulides  et  la  compivik-ibilitc  du  ruercore.    8(0. 

181)1. 
M^iQoire  anr  reliiatirile  et  la  dilatabilit^  doa  fluidea  juaqu'aux   ti«i  Iiante* 

prra«ir>aa.    8vo.     I8i»a. 
Sur  111  proiion  int«ncitre  et  ie  ririel  dm  farc«a  intcrieures  daoa  l«a  flaido. 

4to.     1895. 
Sur  la  determination  de  la  deoaitc  dea  gas  liqne'flet  et  de  loan  rap^tara  Mtureei. 

4to.     18M 
Sur  la  denaite'  das  p<2  liqii^fle's  et  de  leurs  yapetira  aatnreea  el  aur  lea  oon- 

klan'ea  du  iKiint  criliipie  lie- r.iciile  t-ntb<ini(]De.     4to.     18!t2. 
Veiidcation  d'eiueiuble  de  la  loi  dea  cttta  ixirteapoudants  du  Van  der  Waals. 

4to.     1896. 
Sur  lea  rplationa  esprimant  que  lea  divera  onefficitnta  coD^id^rf*  en  tliermo- 

dyimmuiiKi  sntiBfnDt  a  U  |nj  dea  e'tats  rornvpnutlnnis.     -Ilo.     1897. 
Sur  lefc  ViiriAtiuDi  du  rappnrt  d<-*  chaleure  spot-iflqiiee  des  fluides.  -Ito.   lK{>5-96. 
Siir  la  preaidoD  ioterieutc  daiib  lea  fluidea  et  lu  fomie  de  la  fonolion  p(ott)  =  0. 

4lo.     l»»i. 
NotiM  aur  lea  traTaiix  scii  iitifinnes  de  K.  H.  Amitfrtit     4  to.     18dC. 
Amrrlran  Gt<ngrn)>hirttl  .'viciV/y— Bulletin,  Vcl.  XXIX.  No.  i.     8to.     1837. 
Atintir;  Sorieti/  of  Bengal — Pror»ediugs,  1897,  Nos.  6-8.     8to.      1897. 
Journal,  Vol.  LXVL  Part  1,  Noa.  2,  3  and  Extra  Number;  Part  2,  Nut.  2,3. 

8to.      IS!*?. 
The  Kavniimcnbdamrla:  a  Knt,-ttiiri  Grammnr  written  in  tlio  Sanakrit  lungnaCB 
by   Irviira-Kaula.      Kditt'd.  witli  notes  and  additions,  by  C.  A.  Orienoo. 
P.irt  L  l>ecli-f.Mon.     8vo.     I»;t7. 
Atiatic  Socidg,  /foyo/— Juiirnel,  Jan.  1SS8.     8to. 
Aitronomieal  Svcietif,  Roifal—MonluU  Noticea,  Vol.  LVIIL   Noa.  1,  2.     8«i. 

1897. 
BoHketi,  Initilute  o/— Jonrnal,  Vul.  XVIII,  Part  9,-  VoL  XIX.  PhH  1.    8*0. 

1897. 
BafhfoTih,  Tlif  lier.  F.  B  D.  (the  .^ufftw)— Tables  of  Remaining  Velocity,  Tim« 
ol  Flight  aitd  Energy  of  vuTKiua  Projectiles  186.5-70.     8ro.     1R91-I»"i. 
A  Mntlienihticnl  Treiitiae  on  the  Motion  (if  Projeclilea.     8vo,     1893. 
Bulatia  Mag'iriiaU  and  Mttemviogicttl   Oiarrpalt»ry— Obaenralioua,   Vol.   XIX.  I 
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WEEKLY  EVENING  MEKTINC, 
l-'riJay,  February  11,  1898. 

Sill  EiiWAiin  FiiAJiKLAHD,  K.C.B.  n.C.L.  LL.D.  F.R.S. 
Vicu-Prcsidcnt.  in  the  Chair. 

J.  H.  Gladstosk,  Esq.  D.83.  F.R.S.  Jf.ZJ.f, 

Tho  Mctith  utcd  hij  the  Gnat  Xatiotu  of  Aniiquitii. 

At  tbo  bogiiming  of  tliis  century  little  was  known  of  the  groat 
nati<'D8  of  auliqiilty,  except  through  the  cliiasic  jioets  and  historisinti, 
•nd  the  sacred  writings  of  the  Hebrew  people  Since  then  our  kouMr- 
ledge  has  been  enormonsly  increased  by  the  labours  of  ec-holur^s  an  I 
explorers;  tlie  ruins  of  ancient  cities  hare  been  exhumed,  and  tho 
contemporary  literature  of  Egypt  and  Assyria,  inscribed  on  papyri 
or  tablets  of  eluy,  and  painted  or  carve  1  ou  tlie  walls  of  tvniplea. 
palaces  and  tumbe,  has  been  deciphered.  What  is  in  some  respects 
still  more  important  is.  (hat  obje<-l8  found  in  those  ruins  have  thron-u 
great  light  u{K>n  the  daily  life  of  the  people  and  their  oruiuucntal 
and  useful  arts.  One  of  tlie  departmcuts  of  tIjLs  inquiry  concerns  the 
metals  used  by  the  difl'oreut  nations,  and  nt  the  different  epochs  of 
their  history  ;  and  it  ia  to  this  department  that  my  attention  will  bo 
conSncd  this  evening.  The  difHcuIty  I  ixperieucc  is  the  viut  amount 
of  material ;  and  I  cannot  attempt  anything  more  than  a  general  view 
of  the  subject  and  Rotcc  of  the  most  salient  points. 

The  area  over  which  the  inquiry  extends  is  that  of  the  lanfU 
Jmrdering  on  the  eastern  half  of  tho  Mediterranean,  and  stretching 
[eastwards  to  the  Persian  Gulf.  The  time,  so  far  as  Egvj't  is  con- 
cerned, includes  the  whole  period  from  the  first  Pharaoh,  Menos,  U> 
the  conquest  of  the  country  by  Akotauder  the  Great ;  ranging  from 
about  B.i'.  4400  to  b  c.  332.  The  chronology  employed  througbont  is 
that  of  Dr.  VVallis  Budge,  of  (he  British  Museum,  who  IiiiH  adopted  in 
tlie  main  tliut  of  Brugsch  Boy.  Tliis  period  of  4000  years  ajipoars  to 
me  of  reasonable  leuglh,  and  en-s,  if  anything,  on  the  side  o:  nuxlcra- 
tion.  Our  knoNvkJge  of  tho  other  nations  does  uot  extend  to  any- 
thing like  so  recuotu  a  time. 

EorpT. 

If  wo  take  as  our  starling-point  Scncfcru'a  triumphal  tablet  in 
Wady  Maghnni,  iu  tho  Sinaitic  peuiusulu,  we  see  tho  king  flourishing 
his  battle-HXO  over  the  hiad  of  his  enemy.  This  Bymboli««s  the 
conquest  ef  the  copper  and  turquoise  mines  of  that  region,  and  implies 
of  course  their  previous  existence  as  a  source  of  wealth.     In  tho 
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hieroglypliic  inscri|itioii  aboTO  his  hcnA  thcro  is  not  only  the  king's 
niimu  spelt  phonetically,  but  in  the  roj-ftl  titles  arc  scon  two  ideographs 
which  bear  upon  our  sabject.     One  is  the  uccklaco  or  ornamental 

oullar  f>i^1,  which  is  the  well-known  symbol  for  golJ  ;  and  tho  other 
an  axe  n  ,  the  hea-1  of  which  resembles  that  of  a  copper  rather  than 
of  a  stono  weapon.  Those  titles  have  no  reference  to  tho  mutals 
lliemstjlvos,  but  mean  ^Ov  f^S^^  "  Gulden  Horns,"  and  1 1  "  Benefi- 
cent Divinity."  Bi^fore  such  symbols  could  be  used  to  express 
abstract  idea-',  they  must  have  been  well  known  iu  tlieir  c  ucrote 
form.  Tlie  datu  assigiicd  to  Seiicfcru  is  B.C.  3750;  but  the  dis- 
coveries of  the  p«.st  year  have  put  in  our  passosKJou  the  actual  metals 
themselves,  of  a  niucli  greater  antiquity.  M,  de  Morgan,  Lite  Uircotor 
(iviieral  of  Antiquities  in  Egypt,  has  explored  an  eui>rnio«s  royal 
tomb  at  Nagadn,  the  centre  chamber  of  which  contain"d  the  nminmy 
of  tlio  Phariioh,  with  the  cartouche  of  King  Mcnes,  tho  repnieil  first 
King  of  Kgypt.  If  it  bo  really  his  tomb,  tho  probable  date  will  be 
B.C.  44  lU.  W'liat  is  interesting  to  iis  is  tliut  in  two  of  the  chamlHjrs, 
among  a  ranltitndo  of  articles  made  of  ivory,  quartz,  porphyry,  wood, 
alabaster,  tortoiiseshell,  mother-of-pearl,  obsidian,  caitlionwnro,  corne- 
lisQ,  glass  and  cloth,  there  wuro  found  some  sniull  pieces  of  metal. 
Tie.  two  or  threo  Iuor^el8  of  gold,  and  a  long  bead  of  that  nietal  (»f  a 
somewhat  crescent  form,  together  with  siiine  artclesof  cojfpor — n  kind 
of  button,  a  bead,  and  8'>me  fine  wire.*  Tho  bntttin  was  aiiulysod  by 
M.  Bcrlhelof,  thf  well-known  French  clieniist  and  politician,  to  whom 
we  are  indebted  f>r  tin?  ••xnmination  of  a  very  large  number  of  ancient 
metull:c  objects;  ho  biates  thiit  it  is  nearly  pure  copper,  without 
arsenic  or  uny  other  ttietul  in  notable  pioportiun.f 

Thet^e  are  the  fddtist  nutallic  *>bj<  cts  in  tho  world  to  which  we 
can  asiiign  a  probable  dato.  But  Piof.  Flitiders  Pctrie  iiail  discovered 
three  years  ago,  also  at  Na^jada,  a  great  number  of  obj-  cts  of  the  same 
character,  and  among  them  a  few  small  c'lppi^r  imjdiments.  Some 
filings  from  a  dagger,  a  celt,  nud  a  little  harpixvu  wore  analysed  by 
mo,  and  found  to  consist  of  ])riict  cally  puro  ci>pp:!r,  without  any  trace 
of  tin.  Tho  remains  of  thor4e  tilings  are  in  the  little  bottles  on  tho 
table.  Tho  age  of  those  tools  mu»t  bn  com]  arable  with  that  of  tho 
royal  tomb,  and  may  possibly  bo  oven  ohlcr. 

Of  al>out  tho  same  period,  and  porltaps  even  earlier,  are  a  number 
of  tombs  at  and  near  Abydos,  whieli  have  been  oxpl(>ro<l  by  M. 
Amelincau,  bearing  tho  names  of  king>4  unknown  to  history,  accom- 
panitMl  by  hieroglyphics  nf  archaic  form.  ^     In  these  have  been  found 
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Inrger  quantities  of  copper  atoasilf,  vie-  pots,  liatchets,  needles,  chiaels, 
Ac,  uhicb  M.  Berthelot  also  finJs  to  be  nearlj  pure  mctal^  bnt  some 
coDtain  a  little  arsenic.  It  wotiM  appear,  therefore,  that  the  Egyp- 
tians, at  the  very  beginning  of  the  historir.  perioci,  were  acqaainted 
with  tlie  nsso  of  gold  and  copper.*  Let  us  follow  the  history  of  these 
two  metals,  bcginuiDg  with  gold,  nhich,  au  it  is  genexally  found  natire;, 
WM  probably  the  first  known  to  mau. 

According  to  «  letter  just  received  by  me  from  M.  Berthelot,  all 
or  ncurly  all  the  ancient  goM  that  ho  has  oxatnincd  contains  more  or 
less  silver.  This  pale  colourel  gold  is  somotimes  termed  eltotrura, 
and  was  found  in  great  quantity  in  Asia  Minor,  where  the  Pnct^ilus 
and  other  streams  "  rolled  down  their  golden  sands."  Gold  is  fre- 
quently represeutcd  in  the  Egyptian  sculptures  and  pictures ;  for 
instance,  in  the  very  interesting  scenes  of  social  lile  at  Boni  Hafsan, 
circa  B.C.  2100.  illnstr.itious  «if  which  I  now  throw  upon  the  bcrein, 
we  see  the  goldsniitlis  making  jewellery,  weighing  out  the  uictnt, 
milling  it  in  their  little  fiirusLea  with  the  aid  of  blow-pipe  and 
pincers,  washing  it,  and  working  it  into  the  proper  forms.  In  the 
picture  of  a  bazaar  nt  Thebes  we  find  a  lady  bargiin'.ng  for  a  neck- 
let ;  and  in  another  )>ictnro  wo  see  tlie  weighing  of  thick  rings  of 
gold  and  of  silver,  which  were  used  as  arlicles  of  exchange,  I  wish 
I  could  show  you  the  exquisite  gold  jewellery,  inlaid  with  gemR,  funnd 
in  the  tombs  of  four  princesf^s  buried  at  Dahsliur,  about  a.r.  2;^50, 
and  wliich  is  nowexliiliitcd  in  llie  musoam  of  Gizeh;  but  I  c.mthnjw 
upon  the  screen  the  phot"graph  fif  the  beautiful  nuanielled  gold  nock- 
lace  of  Queen  Ahhotpn,  bo.  1700. t  The  great  kings  St-ti  I.  and 
Raniosea  II.,  b  o.  1300,  worked  exteusire  gold  tniues  in  Nubia,  which 
yielded  giJd  free  from  silver. 

To  return  to  the  history  of  copper.  In  the  inscriptions  wo  cannot 
distinguish  between  copper  and  its  various  alloys,  for  they  are  all 
expres8e<l  by  the  general  teim  cheni,  and  the  symbol  of  the  battle-axe 
blade.  But  if  we  can  get  the  snbstanco  itself  and  analyse  it,  wo 
know  nhat  wc  aro  dealing  with.  Mnny  speeimpns  of  copper  iiiiple- 
nientii,  dating  from  tlie  fourth  to  the  sixth  dynasty,  say  from  B.r.  3750 
to  3100,  have  been  examined.  '1  hey  consi.st  of  iilmo.-t  pure  c<»ppcr. 
One  of  the  curliest,  nnalysud  by  me,  was  a  piece  of  a  vessel  liom 
El  Kiib,  which  contained  ilM  per  cent,  of  copper,  the  remaining  m  per 
cent,  being  made  up  <jf  bisniulh,  arsenic,  lead,  iron,  sulphur  and 
oxygen,  evidently  the  impurities  i  i  the  original  ore. 

Jt  was  ovidoiidy  very  impoitatit  for  the  Eny]itiiins  to  hardf-o  tiie 
copper  as  much  as  possible  ;  and  this  might  be  effected  in  eercrkl 


"  Sincf  (lie  Iccliire  whs  dcl'vt'n'd  the  Efrypl  Ex|ili>r.ition  Fim<l  lir»«  tasUcH  » 
nionioir,  umlcr  thi-  litlo  of  '  Di^hm-heli,'  from  wl.ioh  it  rippmrx  that  in  tbo  ivry 
niu-icnt  lomhs  at  tli;it  pim-e  there  wore  fouml  a  few  p>Ul  i>oud»and  copper  object*, 
bikI  n  iiictiire  uf  an  urtifiL-<-r  weitrhinR  a  copp^jr  bowl. 

t  Fur  driinings  8e«  '  The  Struggle  cf  the  Nclions,'  by  O.  Uaf-pem,  pp  S 
ami  !t7. 
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ways:  (I)  by  hammeriDg,  (2)  by  the  admixtare  of  arsenic,  (3)  by 
the  admixture  of  tin,  (4)  by  tho  admixture  of  zinc,  (5)  by  the 
presence  of  a  certain  amount  of  oxygon  in  the  form  of  on  [irons  oxide. 
Aa  to  arsonio,  some  of  tlie  oldest  co]i[)er  iinjilonienls  contain  a  notable 
qnautity.  Dr.  Percy  fonnd  2- 211  ptT  cent,  in  a  knife  which  was  dug 
up  sorne  di«tance  below u  Htntue  of  Ilame>es  II.;  and  I  fnund  3' 9  per 
cent,  in  a  hatchet  from  Kahiiii,  dating  hack  to  B.r.  2300.  It  is  said, 
however,  that  the  a<iditiou  of  05  per  cent,  of  areeuic  is  sufficient  to 
produce  a  hardening  effect;  and  many  s|K!ciinons  of  ancient  cupper 
implements  contiiiu  this  amount,  though  the  proportion  of  arsenic  in 
copper  ores  themaolves  rarely  exccwls  0*  1  pur  cent. 

A*  to  the  admixture  of  tin.  It  is  well  known  that  bronze,  the  alloy 
of  copper  and  tin,  is  strrmgcr  thau  pure  co[)per.  Tho  oxteiit  of  this 
depends  upon  the  prnportiou  of  tho  two  niutala,  and  probahlyon  other 
circumstances.  Tho  oldest  Bfipposcd  otreurreuce  of  an  ndiuixturo  of 
tin,  is  >□  a  bronze  n)d,  found  t>y  Fliiidr^rs  Putrie  in  a  mitstttba  at 
Mednm,  probably  of  tho  fourth  djitasty,  which  I  found  to  contain 
y*l  i>er  cent,  of  tin.*  It  seeiiu'd  eo  improbable  ihal  tiu  should  be 
employed  at  so  remote  a  period,  and  that  in  suAiuient  quantity  to, 
mnkn  M'hat  we  call  gnn-metal,  that  I  was  suspicions  of  its  geniiiueness,' 
iiotwithBtundiiig  the  very  cirunmstantial  account  of  its  discovery  ; 
but  M.  I'erthclot  has  since  found  in  a  ring  from  a  tonib  at  Dahshur, 
l)«lioved  to  be  not  much  later  thau  the  third  dynasty,  H-2  per  cent. 
of  tin;  and  in  a  vase  of  tho  sixth  dynast}',  5*68  per  cent,  of  tin.  f 
These  seem  to  restore  the  credit  i>f  Vr.  Petrio's  specimen.  At  a  later 
period  weak  brouzcs  become  common.  Thus,  at  Eahuu,  tools  found 
in  n  carpanter's  basket  by  Prof.  Petrio  contained  varying  amounts  of 
tin  from  0'5  to  10 -0  per  cent. ;  G  or  7  jter  cent,  of  tiu  was  subse- 
quently common.  Uronzo  implomeuts  ahoimd  in  Egypt.  1  am  able 
not  otdy  t<j  throw  upun  the  screen  represeutiitious  of  arrow-  ar.d 
epenr-heads  and  battlc-axos,  but,  through  tho  kiiidueas  of  Sir  John 
Kvaus,  to  show  a  beautiful  large  spcar-heiid  with  an  inscri[ition  of 
Kiug  Karnes  (b.c.  1750)  down  tlie  blade.  I  am  also  indebte<I  to 
Prof.  Hinders  Petrie  and  Dr.  Walker  for  this  cdlection  of  imple- 
ments of  the  twelfth  dynasty  from  lilahuu,  including  a  fine  mirror 
with  ivory  handle,  necklets,  and  a  bronze  casting  fur  a  kiiifo,  which 
was  never  finished  ;  also  many  objects  of  the  eigliteenth  dynasty,  or 
therial)<)nte,  such  as  a  sword,  dagger  and  axe,  together  with  mirrors, 
hrai-elets,  earrings  and  pendants,  and  a  steelyard.  My  nwn  collection 
contains  specimens  of  what  arc  believed  to  be  razors  of  diffurcut  typcH, 
and  small  statuettes  of  Osiris,  Isis  and  others. 

As  to  the  admixture  of  zinc.  There  does  not  seem  to  be  any 
■pocimcn  of  bi-BRS,  projierly  so  called,  found  in  Egvpt  with  in  the 
period  of  our  inquiry  ;    bnt  various  attempts  are  known  to  have  been 


•  ParliMil*™  of  thii  awl  otlipr  nTin1y»e*  inny  be  rnniul  in  '  Prococilinpi  of  tho 
SodMv  .-•(  Dibiical  AroliMnin^'y,  Mnrdi  IsOO,  Mnrcli  ISV/,  noA  Marcli  IM'Jt. 
t  Fcuillejii  DnliPhoiir  o.i  ISJH,  pp.  130-U. 
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nuide  to  imitate  gold,  of  uhich  anrochalcnm  ia  an  iust&nce,  and  that 
mav  have  been  yellow  brass. 


Ab  to 


the 


oxygen.  Jt  16  gcnurnlly  fnipposod  to  exist  in  copper  i 
form  of  the  rod  cnprons  oxide ;  and  tuost  of  the  copper,  aud  maoy  of 
tlie  bronze,  implemcntfl  bare  a  cuvering  of  this  snbstance.  This  is 
CAUsed  by  the  gradual  formutiou  of  an  oiychloride  of  copptr  through 
the  action  of  alkaline  chloiiiloa  in  the  soil,  aided  by  the  air  and 
moietnre.  Eerthelot  has  worked  out  the  chemist ry  of  this  Eoibetance 
very  fully,  i\nd  shows  how  whcu  i>nce  formud  it  gradually  works  its 
way  into  the  solid  metal,  transforming  it  into  the  suboxide,  and 
tTt-t[nen{\y  diKintegrating  it.  Some  good  specimens  of  little  bn^nze 
imHges  saffering  this  disintegration  are  exhibitod  by  Mr.  Joseph  Ofiford. 
Tnro  at  least  of  the  copper  adzes  on  the  table  consist  to  the  extent  »f 
30  or  more  per  cent,  of  oxidu  of  copper ;  they  are  exceedingly  hard, 
and  it  becomes  a  question  whether  the  formation  of  the  oxide  is  due 
to  the  slow  chemical  change,  or  whether  it  was  purposely  produced 
in  the  niannfacture  in  order  to  harvleu  tliem.  The  eftVct  of  ilifTerent 
proportions  of  oxygen  on  the  tenacity  of  copper  is  known  to  be  very 
various,  and  certainly  desorves  further  investigation. 

It  is  difficnlt,  or  rather  impossible,  to  express  in  definite  figares 
the  ailrautage  gained  by  the  ancient  Egyptian  metallurgists  throagh 
this  alloying  of  the  copper.  Arsc-nic,  tin  or  zinc  may  and  do  affect 
the  hardness,  or  the  tenacity,  or  the  eliisticity,  in  different  ways,  and 
also  aiRconling  to  the  proporlinn  of  the  melal  nailed  with  the  copper. 
Thus,  there  are  sereral  very  different  kinds  of  alloys  of  copper  and 
tin,  though  they  are  all  included  under  the  name  of  bronze ;  roon."- 
uver,  a  pieoe  of  cop^ier  which  has  been  cx^iosed  to  a  considerable 
stress,  is  permanently  altered  in  its  properties.  Again,  in  any  table 
of  numerical  vidaes,  it  i^hould  be  taken  into  account  whether  tbo 
copper  with  which  the  alloys  are  compared  had  been  made  as  pure 
as  possible,  or  C4>ntained  a  normal  amoant  of  oxygen.*  We  must 
rest  contented  with  the  knowledge  that  copper  can  be  rendered 
stronger  and  more  Bervioeablo  by  these  means,  and  that  the  ancient 
artificers  were  acquainted  with  the  fact. 

Aiter  the  extensive  use  of  cop|ior  and  bronze  in  ancient  Egypt, 
other  metala  were  gradually  euiployed.  Silvir,  as  distinct  from 
olectrnni,  seems  to  have  been  little  u»ed,  except  for  ornamental 
purpo6ee.t    The  diadem  of  one  of  the  kings  named  Antef  (b.o.  about 


*  For  tiibul«t«d  rrsalls  of  esprrimcats  be«riti^  on  iLese  iminla,  aw  *TIm» 
'J'esting  of  Materials  of  C<iii»trui-ti<>u,'  by  Prof.  Luwthome  Umrin  :  and  tli« 
•MTiiid  Report  to  tlio  Alleys  B««e«iicli  Coroh^ittci.-  of  the  Institution  of  Mecbaniool 
Kngini-^rg,  by  Pmf.  Rubcrtc-Au&len,  witli  ihe  discussioD  Iheieon. — Proe.  last. 
Mccli.  Kog.  Apiil  lb9.S. 

t  In  tiie  transUtiuD  of  'Ttie  Book  of  the  Dead,'  by  I>t.  Wiillia  Bad^, 
vol.  iii.  |iublishnl  »iiic<j  thi?  lecture,  it  8}ijM.-i«rB  ihiit  in  one  of  tlie  oldi  at  rhnpten, 
aaiil  to  buTe  Ixen  foinid  by  Horutaluf,  fttiuut  sr.  ijOfH),  thire  u  a  fonuulaiy  to 
be  said  over  a  si-artb  t>r  greenstuuc  tucirclcd  with  a  baud  of  refined  (.«p(«r,  aad 
baTiDg  a  ring  of  silver. 
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3700),  and  tbat  of  tlio  Princess  Noiibbutep  (b.c.  2400),  tverc  niado  of 
silver  and  gold.  Stiver  also  occurs  among  the  beautiful  jewellery  of 
Ibo  priuceBsea  buried  at  DaliKlinr,  and  tliat  of  Queen  Ahbotpn.  But 
wbeu  tbe  intercourse  between  Egjptand  the  ncigbbouring  nations  of 
Asia  was  better  eetabliiihcd,  silver  became  nuicb  mure  common  ;  thus 
we  find  it  frequently  mentioned  in  the  Great  Hurris  papyrus, 
(B.C.  12U0),  in  wbioh  the  King  Uamesca  III.  describes  hismagniticeut 
presents  to  the  temples  and  pritsthoml  of  Egypt.*  The  metsl  lead 
alfl!)  occurs  frequently  in  tbe  same  liBts,  and  was  used,  as  elsewliere, 
for  mixing  witli  copper  and  tin  in  tbe  formation  of  tbe  easily  fusible 
bronze  used  for  statuary. 

Tin  Las  a  very  in^e^o(^ting  biatory.  We  bavo  foiiul  it  urted  in 
combination  with  copper  as  far  back  as  ]>erhup8  b.c.  ItlOli,  and 
enormous  quantities  of  it  must  have  boon  aftcrwardrs  employed.  It  is 
still  a  question  wliotlier  in  the  first  instance  some  stanniferous  copper 
ore  was  used,  or  wbetiier  the  Egyptians  found  that  tbe  iidditinn  of 
a  certain  black  mineral  was  advantageous  for  hardening  tlictr  copper, 
or  whetlier  from  early  days  they  reduci'd  the  inutal  from  its  ore 
and  added  it  to  the  copper  in  tbe  furnace.  That,  at  any  rate,  tbey 
were  afterwards  ncquaiuted  with  tbe  metal  itself,  is  clear  from  the 
discovery  by  Flinders  Fctrie  of  a  small  riug  at  Gurob  (b.c.  1450), 
which,  on  examination,  I  found  to  be  of  tin,  imperfectly  reduced  from 
its  ore.  Perthelot  bos  also  analysed  ubat  was  oHKcntially  a  tin  ring, 
though  alloyed  with  copper,  dating  about  a  century  later ;  and  Prof. 
(buTch  describes  a  scaiab  of  tbe  same  metal,  which  was  found  on  the 
breast  of  a  munimy  of  alwut  the  seventh  century  n.c.  This  metal  alsfi 
appears  more  than  once  among  the  rich  gifts  catalogued  ou  the 
jMpyrus  of  Kamcses  III.,  if"  tihi"  is  to  bo  so  tmnslat<;d. 

Although  kohl,  the  sulphide  of  antimony,  was  ust^d  for  blackening 
the  eyebrows  from  a  very  early  pt'riod,  I  urn  not  awiiro  of  any  metallic 
•utimotiy  in  Egypt  of  older  date  than  some  beads  found  by  Prof.  Petrio 
at  lllahun  in  a  tomb  of  about  800  u.o.  TLey  i>roved  tu  be  fnirly 
pure  metal.  It  is  curious  that  the  art  of  preparing  this  metal  was 
afterwards  lost,  and  only  rediecovorud  in  the  fifteenth  century  of 
onr  era. 

The  period  of  the  first  use  of  iron  in  Egypt  is  at  present  a  matter 
of  great  controversy.  Some  contend  for  its  me  even  in  the  mytho- 
logical period,  while  otheis  would  bring  it  as  late  as  800  or  600  b.o. 
There  exist  the  oxidised  remains  of  some  wedges  of  iron  intended  to 
keep  erect  the  obelisks  of  Rameses  II.  at  Tanis,  which  is  near  the 
border  of  Palestine ;  but  thf;re  is  no  positive  prouf  that  tliey  were 
pluced  there  during  his  reign.  I  have  little  donbt,  however,  ihat 
the  Black  Baa,  mentioned  several  times  in  the  Hurris  papyrus,  b.c. 
1300,  is  the  same  ns  tbe /<cAaf  <TiSi;po(  of  Ilosiod  :  i.e.  iron.  In  the 
lung  account  which  KingPiaukhi  gives  of  his  invasion  of  Eg)'pt  from 
tbe  Upper  Nile,  be  mentions  iron  more  than  once  among  the  preaenta 
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made  to  him  bj  the  minor  ohiiftaiua  of  the  time  in  token  of  their 
BnbiiiissioD,  indicating  that  at  this  period,  b.o.  700,  it  was  still  nut 
rerjr  common. 

AsSVRU. 

In  the  conntry  Ijiug  between  or  near  the  Enphrates  and  the 
Tigris  we  hare  some  aiitiquitiea  dating,  pt^thapB,  ae  far  back  as  any 
in  Kgypt.  Wc  have  alno  a  great  amonot  of  Accadiau  and  Assyrian 
historical  and  other  literature  on  tablets  and  c.vlindors  of  clay,  and  on 
the  walls  of  the  grt-at  palaces  ard  temples.  As  in  tiie  case  of  Egypt, 
the  discoveries  of  the  remotest  age  are  those  wLieh  have  liocn  most 
recently  published.  Dr.  Peters  has  just  given  as  the  records  of  the 
explorations  of  the  American  Oriental  Society  at  Nippar,  and  describes 
the  successive  layers  of  the  great  tonii)le  of  Bel.*  Those  appear  to 
iu'licate  the  absence  of  motal  in  very  remote  periods.  The  oldest 
specimens  are  those  recently  found  by  M.  do  Sarzoc  at  Tello(Lagaah) 
in  Southern  Chald«e».  Tht-y  consist  of  some  votive  statuettes,  and  a 
colossal  S{>ear,  an  adze  and  curveil  hatchot— all  nf  copper  without  tin, 
according  to  M.  Bcrthelot's  analysis.  A  small  vase  of  antimony  and 
a  largo  one  of  silver  have  also  been  found,  TLe  period  of  thL'Sc  is 
supposed  to  be  some  cousiilcrablu  time  anterior  to  bo.  2500.  At  Tol 
el  Sifr,  in  the  same  neighbourhood,  Mr.  Loftus  discovered  a  largo 
copper  factory,  in  which  were  caldroTis,  vases,  hammers,  hatchete, 
links  of  chain,  ingots,  and  a  great  weight  of  copper  dross,  together 
with  a  piece  of  lend.  The  date  of  thoi>e  is  believed  to  be  about  B.C. 
1500.  At  Nippur  tlie  American  explorers  found  at  a  higher  level,  in 
the  temple  of  Bt^l,  what  they  term  a  jeweller's  shop,  which  consisted 
of  a  box  iull  of  jotvcllery,  mainly  })rocious  stones,  but  also  containing 
some  gold  and  cuppor  nails;  these  ap]> iron tly  date  from  about  B.C. 
1300.  In  Babylonian  graves,  and  other  places  of  about  the  same 
porio<l,  ihere  have  been  found  objects  made  of  copjwr  and  ii-rm  and 
B  Iver  wire;  but  the  use  of  metuls  seems  nnich  moro  restricted  in 
these  grcuit  alluvial  jdains  than  in  contemporary  Egypt.  Iron, 
however,  was  perhaps  an  exception.  According  to  iMtissrs.  Perrot 
and  Chipicz,  excavations  at  Warka  seem  to  prove  thut  the  Chaldsans 
madu  use  of  iron  sooner  than  the  Egyptians;  in  any  c^isc,  it  was 
manufactured  and  cmpluyed  in  far  greater  quantities  in  Mesopotamia 
than  in  the  Nile  Valley;  in  fact,  at  Kliorsabod  M.  Place  is  suid  lo 
have  funnd  hooks  and  grappling  irons,  fastened  by  heavy  rings  to 
cha  n  cables,  p  eke,  nmtt-icks,  hammers,  ploughshares,  ttc,  in  all  alxiut 
157  tons  wei;'ht,  Mr.  Layard  also  found  at  Nimroud  a  large  ((uantitj 
of  scale  armour  of  iron  in  a  very  decomposiMl  stiite,  but  exactly 
resembling  what  is  represented  in  the  sculptures  of  warriors.  Of  this 
he  colloct<.'d  two  or  three  baskctfuls. 

Coming  down  to  tho  period  of  the  great  Babylonian  Empir«,  we 
find  very  large  treasures  of  the   precious   metals    ohanging  bands 
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during  their  Eanguinnry  wars.  TLos,  on  the  black  oljeliek  of  Shal- 
maneKer  IT.,  in  the  13riti.->li  Museum,  we  have  depicted  the  embassies 
from  difibrtiut  natiurs  bringing  their  tribute  to  the  feet  of  the  king. 
The  second  of  Ibcae  has  an  iusciiptiou  reading :  "  The  tril>nto  of  Jeiin, 
Run  of  Omri ;  silver,  gold,  bo\tls  of  g<dd,  vcsgols  of  gold,  goblets  of 
gold,  p'tchers  of  gold,  load,  uocptros  for  the  king's  hand,  and  etaves; 
1  received."  Tlic  gutes  of  his  palace  at  lialawat,  now  at  the  British 
Moseum,  were  of  stont  timber  strengthened  with  liands  of  bronze,  anil 
llic  Trnstees  kindly  gave  me  a  sinnll  piece  of  the  metal  for  analysis; 
it  yielded  about  11  per  cent,  of  tin.  The  graudson  of  tiiis  king, 
KimiQon  Narari  111.,  probably  B.C.  797,  took  Damnecos;  and  the  spoil, 
according  to  the  inscriptions,  comprised  2^00  talonts  of  silver,  20  of 
gcdd,  3rK)0  of  copper,  500U  of  iioo,  together  with  largo  qaautities  of 
irory,  Ac. 

Lenormant  gives  two  verses  of  a  magical  hymn  to  the  god  Fire, 
which  (ixist  both  in  Acca-lian  and  Assyrian  ;  they  run — "  Copper,  tin 
thc'r  u)i\cr  thou  art ;  gold,  silver,  their  purifier  thou  art." 


Pa1.K8T1NB. 

Between  the  great  territories  of  Egypt  and  Assyria  lies  a  narrow 
strip  of  country,  small  in  exlcut,  but  very  important  in  the  history  of 
civilisation,  commerce  and  religion.  During  tlio  pciiod  of  which  wo 
are  s^Mfakingit  was  occupied  by  a  succession  of  different  nations.  It 
ftifnied  part  of  the  possession  of  the  great  Hittite  people.  Wo  cannot 
nsid  their  iuscrijitions,  and  we  know  little  of  their  history.  Wo  have, 
however,  bronze  and  silver  seals  that  are  suppv)8ed  to  belong  to  them, 
and  curious  bronze  figures.  They  seem  to  have  had  abundance  of 
silver,  pndiably  from  the  mines  of  Bnlgardagh  in  Lyiaonia.  Wo  rend 
of  Abniham  purchasing  a  piece  of  luiid  from  Ephron  the  Ilittite  for 
which  he  weighed  out  "four  hundred  elukels  of  silver  current  money 
nith  the  merchant."  He  was,  in  iiict,  rich  in  silver  and  gold,  and 
among  the  presents  given  to  Rebekah  were  jewels  of  silver  and  jewels 
of  gold. 

The  first  notice  of  motals  in  Palestine  to  which  wo  can  give  an 
approximate  date  is  in  connection  with  the  invasion  of  that  laud,  und 
other  countries  further  to  the  eastward,  b.v  the  great  Egyptian  King 
Thothrties  III.*  He  led  his  army  tiirough  the  plai  i;of  Esdraelon, 
and  gained  a  vict-ory  at  Mcgidilo,  and  amongst  the  spoil  were  chariots 
inlaid  with  gold,  chariots  and  dishes  of  silver,  copper,  lead,  and  wliat 
was  a}>parently  iron  ore.  This  took  place  about  o.o.  IGOO.  Tiw 
origiuiil  of  the  long  treaty  of  peace  und  amity  between  Katesir,  King 
of  the  Hittites,  and  lUmescs  II.  is  said  to  liavo  been  cngtavod  oa 
tablets  of  silver. 

When  tho  children  of  Israel  left  Egypt  they  were,  of  oonrse, 
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kcquaintct]  with  the  mrtals  used  in  that  ooDotry.  Tliej  borrowed 
the  jewels  of  silver  and  gold  i>f  their  oppressors ;  and  of  tlieso  tlie 
goMen  calf  was  afterwards  made.  We  read,  too,  of  the  "  bnizon 
florpcnt,'  *  and  of  elaborato  diroctions  fur  the  uw  of  silver,  gold  and 
btus  iu  the  construction  of  thu  Tabernacle.  Lead  is  mentioned 
oDce,  bat  iron  seems  to  have  been  nuknown  to  tliem,  the  word  ncTLT 
»>ccurriug  in  the  Book  of  Esodns ;  and  though  it  is  orcasionnlly 
mentioned  in  the  later  Books  of  Numbern,  Deuteronomy  and  Joshui, 
it  is  idwajs  with  reference,  not  to  the  li^raclites,  but  to  the  nations 
they  eneonntered.  Thus  we  read  of  the  Midianitcs  having  gold, 
silver,  copper,  iron,  tin  and  lead,  which  were  to  be  purified  by  pass- 
ing through  the  tire  ;  of  the  King  of  Basban,  a  remnant  r>f  the 
Rephaim,  wbu  hail  tho  rare  luxury  of  an  iron  bedstead,  which  nas 
kept  afterwards  as  a  cariosity  at  Habbali ;  and  of  the  spoil  of  the 
Aiunritu  city  of  JiTicho,  comprifing  g<dd,  silver,  coppi-r  and  iron. 
Later  on  tiie  Canuanitos  wete  formidable  with  their  "nino  hundred 
chnriots  of  iron  ;  "  and  later  still  the  Philistines,  whose  champion, 
(iolialh  of  Giith,  was  clal  in  armonr  of  bronze,  und  bore  a  spear  with 
a  heavy  head  of  iron.  Among  the  materials  collecti'd  by  David  in 
rii^b  abundance  for  the  building  of  the  Temple  woie  gohl,  silver, 
broDse  and  iron ;  but  the  best  artificers  in  metals  were  famished  by 
Hiram  of  Tyre,  at  the  request  of  So1>>m>ou.  During  the  reign  of  thf 
latter  (hero  was  an  immense  accnmiila'ion  of  thoi^e  precious  metals  in 
Jerusalem.  Tiie  comparative  value  of  the  different  materials  is 
indiciited  by  the  words  of  the  prophet  in  describing  the  Zion  of  the 
future,  "  For  br.iss  1  will  bring  gold,  and  for  iron  I  will  bring  silver, 
and  for  wood  brass,  and  for  stones  iron"  (Ifaiah  Ix.  17).  Anotbnr 
prophet  (Jcr»;niiuh  vi.  29,  30)  uses  the  simile  of  the  retining  of  silver 
by  the  projess  of  eupellation. 

1  ho  great  mound  of  Tel  el  Hu«y  affords  a  very  perfect  example 
of  the  debrU  of  town  upon  town  during  many  centuries  ;  and  o{  the 
liuht  that  these  mounds  throw  upon  the  progress  of  civilisatioa. 
When  Josbu.i,  after  the  decisive  victory  of  Bethhoron,  led  his  troops 
to  the  plain  iu  the  south-west  corner  of  Palestine,  he  besieged  and 
took  Laclii.sh,  a  city  of  the  Aroorites.  It  then  became  an  important 
stronghold  of  the  Israelites;  its  vicissitutloa  are  frequently  mentioutxl 
at  various  dates  of  the  sncri  d  history,  as  well  as  on  the  Tel  el  Anmrna 
tnblots.  The  mound  has  lately  been  explored  by  Messrs.  Petrie  and 
Bliss ;  ani  in  the  reajaiusof  the  Amorite  city  (perhaps  b.o.  1500 1  there 
are  large  rough  weapons  of  war,  made  tif  copper  without  admisturo 
of  tin  ;  above  this,  diling  perhaps  from  1250  to  80(1.  appear  bronie 
tools,  with  an  occasional  piece  of  silver  or  lead,  but  the  brooEe 
gnidually  becomes  scarcer,  its  jdaco  being  takeu  by  iron,  till  at  the 


*  The  wonl  "  l.Hua."  at  the  timo  of  the  tnnaLition  of  onr  Bible  wm  \i*^<i 
iiiilirariniinately  Tor  oi>pi»i'r  nr  miy  of  its  alloyii :  so  w*«  also  tlie  oirrc^punilmg 
Hebn-w  term.     In  tliu  Old  Testament  it  ii*vor  rpfcra  to  the  oUov  o,'  iiui-,  to 
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top  of  tht!  muand  there  iu  little  else  Iban  that  luetnl.  TLe  PaTustiiia 
Exploration  Fiiiid  has  kindly  lent  mc  Npocimuua  ui  thoao  fiiuls  fur 
exhibition.  About  b.c.  700,  Lachish  vvub  tlio  headquarters  of  Scu- 
uaeherib  during;  his  invasion  of  Palestine.  From  it  he  sunt  his 
iQessengerK  to  Hezekifth,  nud  at  the  same  town  ho  received  tfao  {>etico 
offering  of  the  Jewish  king,  300  talents  of  silver  und  30  talents  of 
gold,  to  raise  whieh  he  hod  to  dosjtoil  his  palace  Hitd  the  Tetnple. 
In  hktriDHchorih'd  own  verKion  of  the  tri»nsactioii  the  silvci*  iw  given 
us  800  tftlents,  and  the  gold  30.  Liichisli  wus  tiually  deseited  about 
400  B.C. 

Ghrxcb. 

Wo  know  littli!  of  the  very  early  history  of  Greece,  fiir  tXw  most 
ancient  monnun'iits  hem-  Hh  fusfiiptiuus,  m.d  literaturo  did  not  com- 
nioncc  till  the  time  of  the  Homeric  fioenis.  In  these,  and  in  HeKiod, 
there  arc  many  graphic  drseriptions  of  the  hahits  and  art<>  of  tiie 
heroic  period,  ineiiiditig  tlio  use  of  nictals ;  itud  many  of  the  towns 
described  in  them  have  recently  bt-en  explored  with  great  suecegs, 
Bud  have  y  ehhid  up  t)jo  very  niateriuls  nboiit  which  tLey  sanp. 

Piobably  the  earliest  find  lias  bci.'n  iu  the  vulcanic  island  of 
Santorin,  where,  iind'  r  hedi»  of  puzzulana.  which  nre  supposed  to  dato 
khout  ^000  DC  ,  have  been  founil  two  little  rings  of  bcateu  gold  and 
■  Htw  of  pure  oop]jer.  In  llie  Ashinoleiin  iSInsoiitn  there  nre  a  very 
ancient  silver  bttll  utid  heads  of  the  same  luetul  rolled  from  tl  e  fliit, 
also  a  spenr-head  (if  copjxjr.  These  were  obt'j.iiie<l  from  Amorgos.  - 
Id  Autipiiros  tlicru  l:avG  nlso  been  found  very  ancieut  objects  of  silver 
mixed  with  cop|icr. 

Piuisiiig  to  the  muinlnnd,  the  towna  of  the  Peloponnesus  and  the 
mound  of  Ilisaarlik,  the  Bupposei  Troy,  have  been  ex[)lortd  by 
iJr.  Sihlieniunn,  Dr.  Tsountaf,  and  Dr.  Dorjifeld  ;  and  thoy  reveal 
t\hat  is  termtd  the  Myccnteau  period,  which  figures  so  lorguly  iu  tho 
poctns  of  Ilomor  and  Hcsio  I.  In  these  tiiu  intcions  metals,  gold  and 
silver,  uro  cuUKtaiilly  uiontioned,  togctlicr  with  ^^aXKnt  guucrnlly 
tntnsliitcd  bn^s.  '1  bus,  in  thudesiriiitiou  of  Acliilles'  shield,  we  nra 
iutriHlueed  to  Hephai.stos  at  his  gruit  foige  on  Ktiia,  heating  the  barg 
of  silver,  or  brass,  or  tin,  or  ^'old,  and  thou  hammering  tl^m  on  ihu 
aovil,  so  forming  the  designs  which  represent  so  bciiitifiilly  the 
various  soeues  of  |  cace  and  ivnr.  After  having  fai<hioned  tho  shield, 
ho  is  represented  as  forging  for  the  warrior  a  cuirass  of  co]>per, 
greaves  of  tin,  and  a  helniel  witli  a  golden  crest. 

Homer  fiequeiitly  nictitions  iron,  but  generally  gives  it  the  epithet 
"  worked  with  toil,'  aud  treats  it  as  a  rare  and  costly  metal.  Thus 
a  huge  iron  discus  was  given  ns  a  vuluuble  prize  t<i  the  hero  who 
couid  throw  it  tho  furthest  in  the  athletic  games  at  the  funeral  of 
Patroclus. 

Mr.  W.  E.  Gladstone,  wiio  bos  lung  tiirnod  tho  groat  powers  of] 
his  mind  from  time  ta  time  to  iloineric  studios,  wrote  me  lust  summer  : 
"  The  jHicmh  ot  Homer  showed  uio,  I  think,  lorly  years  ago  llml  tht-y 
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represented  in  the  main  a  copper  age."  Tho  reasons  he  assigns  in 
his  letter,  as  well  as  in  bis  pablishod  works,  are  fairly  conolasiTe,  and 
the  recent  explormtioFs,  and  the  analyses  of  Dr.  Percy,  Prof.  Roberts- 
Austen,  and  others,  have  shown  that  in  the  early  period  of  tie 
Vyceuein  age  copper  without  tin  was  employed  for  nombc-rless  par- 
poeea ;  bat  as  time  advanced,  bronze  came  into  ose.  At  Hissarlik, 
in  the  lowest  and  second  city,  hare  been  found  a  gilded  knife-blade, 
needles  and  pins,  of  practically  pure  copper ;  while  in  the  third  and 
sixtfa  cities  occur  battle-axes  of  copper  containing  3  to  8  per  cent,  of 
tin.  In  the  yery  old  town  of  Tirvns,  the  palace  apparently  had  its 
walls  corered  with  sheets  of  copper  ;  much  lead  was  also  found  there. 
At  Mycenai.  the  Achaian  capital,  the  metals  in  nse  were  gold,  silver, 
copper,  bronze  ai.d  lead ;  copper  jugs  and  caldrons  are  common, 
and  great  leaden  jars  for  storing  grain ;  also  elegant  bronze  tools 
and  cutlery ;  mirrors,  razors  and  swords.  In  tbe  tombs  the  bodies 
are  laden  with  jewels,  largely  ornaments  of  gold,  with  a  much  smaller 
auH^nnt  of  silver. 

Some  of  these  objects  illustrate  the  poems  of  the  time ;  thus,  in 
the  Odyssey  we  find  Kestor  making  a  tow  to  Athene :  "  So  the  heifer 
came  from  the  field ;  .  .  .  the  smith  came  holding  in  his  hands  his 
tools,  the  means  i-f  his  craft,  anvil  and  hammer,  and  well-made  pin- 
cers wherewith  he  wrought  the  gold.  AtLente,  too,  came  to  receive 
the  6  u:ritice.  And  tho  old  kuiglit  Nestor  gave  gold,  and  the  other 
fjksliioued  it  skilfully,  and  gilded  therewith  the  horns  of  the  heifer, 
that  the  gi^>ddc«s  might  be  glad  at  the  sight  of  hor  fair  offering." 
Now  at  Mycen-ii  there  was  found  the  model  of  an  ox-head  in  silver, 
with  its  horns  gilded,  and  between  them  a  rosette  of  gold,  not 
directly  attaehoi  to  the  silver  but  to  a  thin  copper  plate.  In  Yaphio, 
a  town  near  Sparta,  of  a  somewhat  later  period,  tombs  were  found 
containing  many  beautiful  objects  in  silver,  gold  and  bronze.  Espe* 
cially  noteworthy  are  two  golden  cups  embo^cd  with  figures  of  bulls 
and  men :  in  the  one  case  it  is  a  spirited  hunt  in  tbe  woods,  in  the 
other  a  j>eaeeful  scene  on  the  meadows.  Iron,  in  Mycenai,  appears 
only  t\s  a  precious  metal  of  which  finger-rings  are  formed.  kiWos, 
which  has  frequently  been  translated  "  steel,"  was  almost  certainly 
a  blue  miueral,  la]>is  htzuli,  or  a  carbonate  of  copper. 

In  the  remains  of  a  Greek  colony  in  Cyprus,  belonging  to  the 
end  of  the  Myceuican  period,  which  is  now  being  explored  by  the 
British  Museum,  iron  plays  a  much  more  important  part.  At 
Athens  also  large  iron  swords,  which  belonged  to  tlie  ninth  or  tenth 
century  B.C.,  have  l>een  found  in  an  old  cemetery. 

•After  this  i-anie  the  intellectual  period  of  Grec'an  history. 
Aristotle  must  be  mentioned  in  any  account  of  the  science  of  the 
day ;  and  he  it  is  who  gives  ns  the  first  description  of  the  metal 
mercury,  and  also  how  to  pro'uce  the  alloy  which  we  call  brass, 
by  heating  together  ci>pi>cr  and  calamine,  the  carbonato  of  zinc. 
Metallic  ziuc,  however,  \vut>  ujt  kuowu  for  many  centuries  aftcr- 
wnrds. 
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In  tiacing  back  liio  liistory  of  these  grcnt  nations  wc  have  found 
cviduiico  (jf  a  tiiue  uben  metals  wt-re  little,  if  at  ail,  employed ;  the 
pott*  TH  Art  WHS  well  knowD,  aud  early  man  liecanio  wonderfally 
proficient  in  working  bard  stone,  and  eRiKseially  flint.  The  earliest 
iadicntions  wo  have  of  metals  are  of  gold  and  cipper,  both  being 
8c*rce,  and  no  doubt  costlj.  Gold  was  pnAably  llio  wirliest  to  attmct 
the  attention  of  mankind,  beciuse  it  occurs  UHtive,  of  briglit  yellow 
colour,  and  ia  easily  worked.  Copper,  however,  dates  tn  a  siniilnr 
period,  so  far  as  the  ri'tiiains  «hich  have  come  down  to  us  are  concerned, 
I'robably  the  doep  blue  carbonate,  such  as  occurs  in  Armnuia,  was 
first  worked.  Wiicn  silver  was  lirsjt  used  is  not  very  evident,  but 
it  is  certain  that  it  wns  fur  more  common  in  the  northern  portion 
of  the  areui  we  have  been  considering,  thun  in  lliu  southern.  The 
iJietallurgy  of  copper  was  doubtless  a  inaltcr  of  much  study  ond 
exjiennicut  so  ns  to  pn>duce  the  hanlunt  mctul.  This  seems  to  have 
led  to  the  knowledge  of  tin,  but  at  wimt  precise  puriixl  wo  know  not ; 
nor  do  we  know  whetluT  it  was  brougiit  from  Etruria,  or  found  in 
romu  neiircr  region.  Mines  of  tin  wore  certainly  worked  at  Cento 
I'aniaitille,  as  Kgyptian  scarabs  have  been  found  in  the  old  work- 
itigs,*  and  near  Cam]>iglia  and  in  Elba,  as  well  ns  in  the  Iberian 
])euiusn1a.  Tnis  searcb  for  tho  raetala,  and  the  necessity  of  carrying 
the  Dr«  or  rough  metal  to  the  pluccs  where  it  was  wrought,  or  of  the 
fitiishtMl  matoriiil  to  distant  cnstiiners,  mui^t  have  greatiy  promoted 
commerce.  This  took  jilace  both  by  land  and  sea,  iu  caravans 
and  tiliiiis.  In  this  way  tools  and  other  objects  were  disecminated 
through  tlie  more  distant  parts  of  Europe  and  Asia;  the  similarity 
of  tyjKj  over  lurge  areas  shows  a  eoninion  origin,  and  hence  wc  can 
even  roughly  form  nn  o[iiuion  as  t^i  whether  tlu-y  were  introduced 
iu  earlier  or  Inter  tiroes.  Thu«,  in  Switzi  rlmid  and  S'cai.dinavia 
we  meet  with  copper  implumeutH  as  well  an  broiize,  and  ancient  as 
well  as  modern  forms;  while  in  Rritaiii  \\g  lind  no  cvidcuco  of 
copi  or  tixds,  thiiiigh  bronxe  objects  arc  abundant. 

The  Phosnicians,  arriving  on  the  caKtern  shore  of  the  Mediter- 
ranean fn)ni  the  direction  of  the  i'ersiitn  (iulf,  formed  an  iniportnnt 
nation  for  about  1000  yeiirs,  fr<im  b  c.  1400  to  d.c.  4u0.  Tbey  were 
groat  artificers,  but  not  having  much  ori<{inality  thoy  adopted  thu 
patterns  aiMl  designs  of  Egypt  or  Assyria.  Thoy  were  id.so  pre- 
i-niincntly  traders,  and  founded  cities  and  oiiijinria  of  conuuerec,  so 
that  their  melal  work  wiw  spread  over  all  the  Mediterranean.     It  is 

the  Grcciuu 


rprus. 
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Mycenman  ago.  Tlieir  ornamcutul  ji  wellery  wtis  eagerly  ^^ought  iu 
Etrurin,  (Jn ece  and  Calabria  ;  fur  the  beauty  of  it  1  may  refer  you 
io  the  Etrusu'in  cup  ef  gold  in  the  Soul):  Kensington  Museum,  and 
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the  wonderful  work  in  gold  in  one  of  the  Greek  rooms  in  the  British 
Museum. 

Cummeroo  implies  a  large  extension  of  a  medium  of  exchange. 
The  whole  question  of  money  is  far  too  wide  a  sabject  for  us  to  deal 
with  now ;  suffice  it  to  say  that  Herodotus  attributes  to  the  Lydians 
the  introduction  of  the  nse  of  coins.  The  earliest  were  of  electrum, 
issned  iu  the  form  of  oval  bullets,  ofSciallj  stamped  on  one  Mite. 
They  date  back,  perhaps,  to  B.C.  700 ;  but,  according  to  other  autho- 
rities, silver  money  was  coined  at  ^gina  more  than  a  century  before 
that  time. 

The  great  period  which  has  been  under  our  consideration  ter^ 
minatod  in  each  country  with  an  age  of  disorder  and  deterioration. 
The  rise  of  the  Roman  Empire  introduced  a  new  era :  it  was  in  one 
sense  an  iron  age— /errum  boing  synonymous  Mrith  the  sword.  We 
now  live  in  another  kind  of  iron  age,  bat  in  better  and  brighter  times 
than  those  of  Hosiod,  and  we  may  hope  that  our  great  engineering 
works,  our  iron  roads  and  iron  stenm-ships  may  load  not  to  tho 
enslaving  but  tu  the  brotherhood  of  nations. 

[J.  H.  G.] 
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in  the  Cbair. 

Professor  L.  C.  Miall,  F.R.8. 

A  Yorkahire  Moor. 

Tub  Yorkshire  tnoor  is  high,  ill-draiued,  peaty,  and  overgrown  with 
heather.  Moors  of  tliis  typcabDUud  in  Scotland,  and  creep  suuthwanl 
alon({  the  hills  into  Yorkshire  und  Derhysliire,  breaking  up  into 
Biualler  patcbos  as  the  elevatiun  declines.  In  the  south  of  England 
they  l)ccuuie  rarer,  tliongh  futuous  cxiimples  occur  in  Dartmoor  and 
Etinoor.  In  the  north  ihcy  may  cover  pieat  stretches  of  country. 
It  used  to  be  t'uid  tliiit  ii  man  might  vvnlk  from  llklej  to  GbiBgow 
without  ever  leaving  tlit!  heather.  That  was  never  quite  true,  but 
even  to-dny  it  is  not  far  from  the  tiiitli  ;  a  uu\n  might  walk  nearly 
nil  the  way  on  uncuclosril  ground,  mostly  inoorlund. 

Neither  i)**ut  tmr  htalber  is  confined  to  high  ground.  I'out  often 
fonns  at  sea  level,  and  may  contain  the  remains  of  Biii-vvccd.  lu 
donie  [daces  it  is  actually  submerged  by  citange  of  sea  level,  and  Ihu 
poasauts  go  at  low  water  and  dig  through  the  Hand  to  get  it.  Heather 
ranges  from  sea  level  to  Alpine  heights. 

Peat  may  form  because  there  is  nfi  fall  to  carry  otJ'  tlie  water,  or 
because  the  soil,  thougli  high  and  sloping,  is  ini[iLrmeab}e  to  water. 
A  few  feet  of  stiff  btmlder  clay  constituto  such  an  imponncBbic  floor, 
und  a  great  i>art  of  our  Yink(diir<-'  nuiors  rewlH  upon  houhler  clay, 
which  is  attributed  Ut  ice  action,  iMieiiUHe  it  is  ofun  puked  with  ice- 
Bcratehed  ]Mbblc<<,  some  of  whieli  buve  tnivcllctl  far,  und  because  the 
rock  benialii,  when  bioed,  cxliibits  Himilar  BeratiheK. 

The  rocks  biiieiith  tin:  iMiiiblir  clay  of  a  Yorkshire  moor  are 
chiefly  uainlHton*  b  iiiid  sluiiiM.  While  the  siindstoucH  croj>  out,  they 
fiirm  toliTably  bold  r^ciu'iinieiilK  with  nntity  fallen  hloL-kf,  i-uch  att  wo 
call  "'edges"  in  llie  north;  the  sbalt^H  niuk**  gentler  slopcH.  Both 
the  Kurface  water  jiiid  iho  Kpring  vvater  of  the  moors  are  pure  and 
Soft ;  they  niity  be  tingcil  with  peat,  but  they  coiituin  iiar<lly  any  lime, 
|Mitiwib  or  other  mineral  Hubstance  except  iron  oxides. 

The  wettesst  parts  of  llio  moor  are  calleii  moMca  (in  some  parts  of 
•Scotland  tlwy  uni  called  jloir-mnitseK)  Inx-auso  tlie  Sphugnum  moss 
grows  there  in  profusion.  The  Sphnguum  swamps  are  an  important 
frature  of  the  ni<ii>r,  if  only  because  they  fonn  a  groat  part  of  the 

I  lent.     Not   all    the   pelt,  however;    some    is   entirely  comtKjsed   uf 
leather  and   healhdiuc   jdanli^,   while    now  and   then  the  hair  niosa 
tl'oly Iridium)  and  ccrtuiii  tiioortaud  licheiiH  contribute  their  share, 
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h«k  tbe  Sphagoom  twamps  pUy  the  leading  part,  especially  in 
•terting  new  growtlis  of  pe«t.  If  wo  walk  carcleselT  ovtr  tlie  ni<>or, 
we  now  •til)  tlxin  ittep  npoo  a  bed  of  Spluignnu.  Wu  liitTe  hardlj 
time  to  Dottoe  iu  p«le  green  tint  Aai  tlie  r<iej  colunr  of  the  new 

growths  before  all  clofc  cibeerva- 
tiiin  is  ariesterl  by  tlie  cjU 
trickle  iif  water  into  tlic  Iwots. 
The  ptactisird  tamblcr  takes 
c«-e  to  keep  out  of  the  Spbng- 
nniu  s«'nni]<8  altngetbcr,  knott- 
ing that  lie  may  cosily  8ink  to 
tlie  knees  or  further.  Sphagnuiu 
Bnc'ks  np  water  like  n  ^]w>n^% 
and  if  Ton  gatlicr  a  linndlDl, 
yon  will  lie  Burpriecd  to  see  Imw 
mnch  water  ctu  bt-  »{uceze<l  out 
of  it.  This  ^ii(<T  atMiuuds  in 
microscopic  life;  AiikbI  if  and 
other  Rhizopoils,  DiatouiB.  In- 
fusoria, NematoiJs,  Kotifrps 
and  t]ie  like  can  be  obtuiDt"! 
in  abundiiuco  by  Eqcieziu)!  • 
little  Sphaf.nuTn  fresli  from  ihc 
moors.*  As  the  stems  of  S)>lu»}I- 
num  grow  npwards,  they  die  iit 
the  base,  ami  form  n  brvwn 
mass,  which  at  length  turns 
black,  and  in  which  the  niicio- 
bcope  reveals  uhnraclbrifctic 
strnclnrnl  dctAilit,  yenrs,  jicr- 
hapB  centHries,  after  the  tiasiH* 
cen8cd  to  live. 

An  old  Sphngnnm  moes  is 
sometimes  a  vast  HjMingy  acru- 
iniilation  of  peat  and  wntcr, 
rising  higher  in  the  centre  tbiin 
on  the  Hides,  nud  eo^ert-d  over 
by  a  thin  living  cnist,  Tbo 
interior  nniy  be  half-liqiiid,  nod 
wlieu  the  crust  bursts  nfier  Imivy  ruin,  tlio  contents  of  a  hillsidfl 
swiinip  now  and  tlieii  jiourn  foith  in  an  inky  Aoih!,  dulu;L;ing  wLilc 
piiriHlics.  Ill  ir>'.17  a  bog  of  forty  acres  burst  at  Chdrleville,  tio»r 
Limerick.  In  1745  a  bog  bni-st  in  Lancashire,  and  speedily  cover«d 
a  space  3  mile  long  and  half  a  mile  broad.     A  bog  at  Crowbill  un  tbo 


Kio.  1, —  I  tnfy  bmiicli  of  S|ilin);riu)i>, 
uia}{inl1e<l  i  one  leaf  of  diUn,  rurttici 
max"illeil. 


*  It  is  interesting  to  note  tliat  theannieabumliinceoraiiiiiuil  life  ehanieleH>a 
the  iiio*i«>8  iif  Spilzlw  r^icn,  wliero  uol  ■  Irw  of  llie  tcrv  snme  »i  icie»  an-  found. 
<  I). .).  ScmirHfld,  "  Nuii-niarine  Kiiuu!i  of  SjiitzlxTgi'ii, '' '  I'rtio.  Z».  I.  Nic."  lK»ri. 
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moon  near  Koigbley  Imrsi  in  1824,  and  coloured  the  river  with  n, 
pmtjr  staiu  as  fur  as  to  the  llutuber.     In  December  189G,  a  bog  of 
^00  acres  bnrst  at  liathmore,  near  Kilbimey,  aud  the  effects  wero 
Hten  leu  luiles  off.     Nino  pcrsnus  perished  in  one  cottage. 
'^    The  soaking  np  of  water  is  esaential  to  the  growth  of  Uie  Sphag- 
nitni,  which  employs  arvcral  different   oxpedienta  for  this  pnrposc. 
Itft  blender  stents  give  off  numerous  leafy  branches,  aud  aliio  branches 
which     are    reduced    to    filaments. 
I'hose    last   turn   downwards  along 
the   stem,    which    they  may  ahnr>Ri 
oonoeal    from    view.     'ITio    crowde<l 
laavea  huve  in-foKled  edges.     There 
Afo  thiis  formed  iunnraomble  narrow 
Bbinks,   in   wliioh   water  umy  creep 
^nwards.      The    micriseoiic    brings 
B>  liglit  further  contrivance!),  which 
answer  the  same  pnrpoMe.     Many  of 
Jhe  cell*  of  the  leaf  Listt  tlieir  living 
ibstAuce,  and  are  transformed  intu 
»tcr  -  ht'hling    cavities    with    thin 
lUKpareut    walls,    which    are    pre- 
enteil   from  colhipsing  by  spirally 
jtind  thrciids.     But  the  water  roii^t 
ot  only  be  loilged;  it  mnst  ascend, 
tid    supply  tlic    growing    bianthos 
ibove.         Accordingly    tlio     water- 
holding   cells    lire    not    dosed,    bnt 
ttiercod     by    many    circtil  ir    pores, 
rhieh  allow  li(|nid   to  pass  in  and 
Mit  frroly.      Perforated  water  cells 
Iko  f(»rm    the    outer   layers  of  tlio 
em.     Tliuh   the  whole    surf.ico  of 
bt)  plant,  whether  immersed  or  not, 
Brspread  by  a  water  film,  which 
Uly  reidenished  from  below  as 
I  evujKirates  above.     It  is  tlie  wiitor 
■Hices  which  render  the  Sphngniim 
pslo.      The   greou    living    snb- 
kuoe   forms  only  a  thin   net  U)rk, 
iversing  the  wntor-lndding  tissue. 
Now  and  then  wo  arc  lucky  enongh  to  see  the  l>e(l  of  a  Sphag- 
lam  swamp.     Quarrying,  or  a  InndsJ;]!,  or  the  f  irnmlion  of  a  now 
iicreoursc,  may  cxpnse  a  clean  sectiitn,     I   have  known  the  mere 
ijlDoval  of  big  stones,  tinke  after  time,  from   the  bed  of  n  Ktreuni  fed 
a  Spbngiium  suutnp,  gnuliiully  increase  th(!  tutting  power  of  tho 
mining  wat4-r,  until  tlic  swamp  is  not  only  dniined,  bnt  cut  clean 
Itrough  down  to  the  sidiil  rock.     Tlitti  we  may  see  that  the  jw^at  rests 
bpon  it  sheet  of  bouldei  clay,  and  tiiib  njion  the  bundbUuies  and  oliales. 


•"jii.  2. — Drtoil  of  Sphnf^nni  Imf; 
green  cells  with  corpiiBtles.  ami 
Wiiter-ci-lla  with  itpirtil  tliomls 
nnil  poiea.  ]<«low  U  u  Kviion 
(from  goi-hs)  of  part  of  a  leaf. 


C24 


VrufewMtr  L.  C.  Mi  all, 


[FeL. 


lietween  the  peat  aud  the  boulder  clay  tliere  is  Boinekimes  found 
ancient  seat- earth,  in  which  are  imbeddeil  the  monliering  stomps 
long  dead  trees.     Oak,  Scotch  fir,  birch,  larch,  liaztd,  aider,  will 
yew  and  mountain  oxii  Lave  boen  met  with.*      \Vhcro  a  great  tract 
peaty  mcrorlaud  hlowly  wastts  away,  the  tree  stomps  may  l>c  f<» 
stuttered  thick  over  tlic  whule  surface.     Above  tlie  seat-earth  and 
Btiimps,  if  those  i>cc.iir  at  all,  comes  the  jieat,  say  fnnii  tive  to  tttcnl 
fo€t  deep,  and  above  the  prat  the  thiu  crust  of  living  hetvther. 

Every  pmrt  of  the  uu»ur  has  uot,  however,  tlie  same  kind  of  fl 
Streams  iu  fltMid  may  excavate  deep  channels,  and  Masli  out  the  gr«' 
and  sand  into  delttis,  which  olteu  occupy  many  ivcrvtj  or  even  sov 
Btpiare  niik«.  The  outcrops  of  the  sandstones  ernmblo  into 
of  fallen  blocks.  Instead  of  the  usual  impervious  bed  of  boali 
clay,  we  may  get  a  light  subsoil.  The  verges  of  the  iiioor  h«) 
commotdy  tlii.s  character;  they  are  by  comparisuu  dry,  well  drain 
and  overgri>wu  with  furze,  bilberry,  erinvl)erry,  fern,  and  wiry 
grasses;  such  tracts  are  called  "roughs"  or  "rakes"  in  tlie  north 
England.  A  similar  vegetation  may  be  found  far  within  the  moi 
though  not  in  places  exposed  to  the  full  force  of  the  wind.  Even 
the  verges  of  the  moor  there  are  very  few  tartliworniA,  and  at  mi 
a  scant)'  covering  of  fine  mould  ;  in  the  heart  of  the  un.or  there  ib 
trace  of  cither.  The  Nematoid  worms  which  arc  so  comrijou  iu  n 
toils,  ami  easily  brought  to  the  surface  by  pouring  a  few  drops 
milk  upon  tlie  ground,  seem  to  be  absent  from  the  hunine.  Ini 
and  iuscct  larva;  are  very  seldom  found  in  it. 

In  a  country  where  population  and  industry  grow  stttadily,  it 
rare  to  tind  the  moor  gaining  upon  the  grass   aud   woodhind 
have  to  go  back  some  centuries  to  find  an  example  on  anythiD;;  I 
a  large  scale.     The  Elarl  of  Cromarty  (Phil.  Trans.  No.  3o0,  p.  2i.'6, 
writing  in  1710,  says  that  in  1651  he  saw  a  "firm  st:inding  weed' 
dcHil  (ir  trees  on  a  hill-side  in  West  R4»8s-shire.     About  tifteeo  jre«i 
later  ho  passed  the  same  spot,  and  found  no  trees,  but  a  "  plain  gr 
moss"  in  their  phicc.     He  was   told  that  the  trees  had  bocu  ot< 
turned  by  the  wind,  and  afterwanls  covered  by  the  moss,  and  fiirtbi 
that  iK>ue  could  ]>i\ms  over  it  because  it  wuntd   uot  suppiTt  a  nmal 
weight.     The  Earl  "  must  needs  try  it,"  and  fell  in  up  to  the  »"»• 
pits. 

A  seetiou  thrfnigh  a  thick  bed  of  peat  will  sometimes  reveal  t 
manner  of  its  growth.  The  lower  part  is  often  comjinet,  the  u]i|i 
layers  of  looser  text"re.  It  is  i-ot  uncommon  to  find  by  niicrosco 
examination  that  while  the  I(<wer  pnit  is  made  np  entirely  of  Spin 
nimi,  the  more  recent  growth  is  due  to  heather,  crowberry,  gr,i^' 
hair  mosK  and  lichens.  In  some  places  the  whole  thickness  is 
Sphagnum  only  ;  in  others  there  is  no  Spiingnnm  at  all.  Pent  fui 
of  ■Sphagnum  only  ha«  uo  firm  crust,  and  from  thv  circunistnnow 


•  In  Yorkshire  I  tldnk  ihal  tiireli  and  iilclcr  are  (he  r>iuinionest  of  iLi-  biiri 
tftfg. 
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lU  growth  it  is  likelj  to  be  purticularly  wet.  Sphagnam  often 
aprends  otct  the  surface  of  pools  or  oven  Rmall  lakcg,  not  oearly  bo 
often  in  Yorkshire,  however,  as  in  a  country  of  well  glaciated 
cryBtallinc  rockA,  where  Itikes  abound.  lu  Buch  cases  a  peculiar 
kiml  of  i«e«t  is  formed  as  a  sediment  at  the  bottom  of  the  water, 
which  may  in  the  end  fill  up  t)ie  hollow  altogether.  A  very  slight 
caasu  is  enough  to  start  a  S])hagnum  bog,  such  as  a  tree  falling 
across  a  stream,  or  a  bearer  dam.  When  n  pool  forms  above  the 
dam,  the  Sphagnnm  spreads  into  it,  and  the  peat  begins  to  grow. 
Long  aftorwarJs,  wheti  the  hollow  is 
eomplelely  filled  w  th  peat,  there  may 
he  a  obanoo  fur  grasses,  rnshes,  crow- 
borry  and  henthor. 

lu  our  own  tinio  and  country  the 
tnoors  waxtc  factor  than  tfaer  form ;  it 
is  mach  commoner  to  find  the  grass 
gitiiiing  on  the  heather  than  to  find  the 
leather  gaining  on  the  gn\ss.  There 
is  no  fi-ature  of  the  Yorkshire  hilln 
Biore  d-solate  than  ground  covoicd  with 
wasting  peat.  The  surface  is  cut  up 
by  innumerable  channels,  with  poaty 
mniinda  between.  Thiso  are  either 
»b»>lut«'ly  bare,  or  thinly  covered!  with 
brown  grasses  and  sedges.  The  dark 
jKiola  which  lie  bore  and  there  on  the 
'  >t8  ftre  overhung  by  wasting  edg^s  of 
lack  tK-at.  It  is  cheerful  to  step  from 
this  dismal  tcrritt^ry  to  ground  clothe<l 
with  closo-growing  grasses  of  a  lively 
gr«oo,  such  as  we  find  where  the  {)cat 
has  disappeared  altogether. 

The  moors  are  commonly  wet,  very 
Wot  in  places,  lu  certfiin  parts  and 
durinj!  certain  seasons  of  the  year  they 
are,  however,  partcnlarly  dry,  and 
cnbjoet  to  0  severity  of  dnmgltt  which 
the  lower  slopes  and  the  floor  of  the  valley  know  nothing  of  At 
lower  le»elB  trees  give  shelter  from  sun  and  wind  ;  night-mists  check 
(;vnp<imtion,  and  even  return  a  littk'  moisture  to  the  earth ;  the  deep, 
(iufly  divided  soil  lo<]g('8  water,  wliich  is  given  off  little  by  little,  and 
in  our  elimiite  never  failH  to  yield  an  effective  supply  to  the  roots; 
pfwds  and  streams  dole  out  sparingly  the  w  ater  which  fell  Ions  before 
•8  rein.  But  the  moor  lica  fully  ripen  to  sun  and  wind.  la  March  it 
is  exposed  U>  the  eiist  wind  ;  in  .1  unc  to  hot  sun  and  cold,  clear  nights ; 
iu  August  there  is  porhaj>s  a  long  uptdl  of  drought;  in  November 
heavy  galea  with  abundnnco  of  rufn.  Tbe  fliimmer  is  late ;  the  moor- 
land grassis  umkc  Utile  growth  befon?  the  lK;gijiiiing  of  Juno;  eveu 


V 


Ftn.  a. — Ling  (Callana  tmlga- 
rit).  A  leafy  branch;  a  Btnt;lo 
IraF,  aeon  fmni  beneath;  and 
a  eroaa  Reotion  uf  the  base  of 
Iho  leaf. 
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tken  the  Leather  boars  fo\r  young  leaves,  while  the  fronds  of  tHe 
hrackeu  me  onlj  beginniBg  to  pusU  through  the  soil.  Whatever  the 
wciitbor,  there  U  nu  protection  ngniiiBt  its  extremes;  there  is  uo 
shelter  and  uo  sha<le.  Tbc  uir  is  cold ;  wind  and  the  dtminished 
pressure  due  t«3  height  f*vimr  rapid  evaporation.  Though  tlieSplmg- 
uuni  patches  form  peruiauent  bogs,  u  groat  part  of  the  moor  bocom«8 
far  drier  in  a  hot  summer  tliau  any  pasture  or  Dicadow.  The  top  of 
the  peat  crumbles,  lusd  is  blown  ulxmt  as  dust,  the  loose  saud  can 
liold  uo  moisture,  bared  surfaces  of  clay  becomo  hard  as  iron.  Auotlicr 
feature  which  must  profjundly  affect  the  vegetation  of  the  moor  is  the 
|K>verty  of  its  water  in  dissolved  salts.     It  is  puro  and  soft,  like  di^ 


Fw.  it — Transrerse  scctioii  of  l(  of  of  l.in-r,  8howiii<j  Inr;^^  afaw 
■paces,  thu  rcdnrcd  lower  epi<lormig  wtiicli  bean  tl>e  Btomatca, 
and  the  Inri'^  baira  which  help  to  oloae  the  cavity  iutu  which 
the  dtomntca  open. 

tilled  water,  nnd  Rontoins  hardly  aiiy  mineral  food  for  plants, 
plants  of  the  moor  aro  subject  to  the  exlromes  of  wet  and  dry,  to  ( 
and  to  famine. 

The  best  known  and  most  characteristic  of  the  moorland  pliUiU 
are  the  henihs.     Ling,  the  common  heather,  is  the  motst  abundant*' 
all ;  it  Bometimcs  covers  many  square  miles  together,  to  the  bL 
coiitpleto  exclusion  of  other  plants.     Ling  is  a  low  shrub,  whose ' 
stems  creep  and  writhe  on  the  surface  of  the  ground.     When 
iu  deep  peat  the  stems  arc  often  pretty  straight,  but  among  rocks] 
ninj  follow  tl«a  twisted  branches  for  many  yards,  and  at  last  dij 
tliiit  what  ytiu  took  fur  small  jjhints  rooted  near  tho  surface  are  i 
tlie  tops  of  slender  trees,  whose  roots  lie  far  below.     Bilberry,  I 
wriggles  among  loose  stones  or  fallen  blocks  till  you  grow  we«rf( 
following  it.     The  leaves  of  ling  are  dry,  hard  and  evergreen.    Wj 
last  for  two  or  three  years,  and  do  not  fall  off  as  fujon  as  they  i 
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but  crumble  slowly  away.  They  are  Tory  gmall,  densely  crowded, 
and  ranged  nn  tbc  braucli  in  four  regular  rows.  A  good  thin  section 
througli  u  leaf  is  nut  easy  to  cut ;  when  you  got  one,  you  find  that 
tho  iuteriur  is  largely  (;conpied  by  irregular  air  8pnot<8.  aud  that  the 
atomates  arc  siiuk  in  a  deep  groove  on  tho  under  side  of  the  leaf, 
-where  tliey  are  further  sheltered  by  hairs. 


¥ta.  .1.— Craia-lMTed  He«th  (/iVioi  Utrnlix):  with  pnrt  of  a  branch, 
ctiLirged ;  •  leaf  Men  from  the  under  Hide ;  and  a  gictioti  of  a  leaf. 


Ling  i«  a  plant  of  slow  growth,  and  a  stem  which  sbowoil  seven- 
aunnal  ringa  was  only   a   i-oiitimetre  in  diameter.      Stems  of 
Er  age  than  this  are  rare.     After  ten  or  twelve  yt-ars  tho  plants 
scantily,  and  exhibit  other  uigns  of  ago.     Then  the  common 
pnctic-e  is  to  burn  them  off. 

As  we  travel  south,  we  find  the  ling  getting  smaller  and  smaller. 
|n    Scotland    it    is   often    wniBt-dofp,    in    Yorkshire   knee-dtiip,    on 
tmoor  only  ankle-deop.     On  tlio  moors  of  the  tionth  of  England 
iio  ling  is  generally  nuiuh  inixcil   up  with  grasses,  as  also  on  tho 
srges  of  the  Yorkshire  moors.     In  Cornwall  it  may  grow  so  close 
M»n  level  that  it  is  wet  with  salt  spray  in  every  storm,  and  its  tufts 


6-28 


Pro/etaor  L.  C.  Mi»U. 


[Feb.  l| 


are  intermingled  with   scft-pink  and  eoa-plantain.     At  the   Lizard, 
wherever  the  serpentine  oomcs  to  the  Boiface,  ling  ceases,  and 
Cornish  heath  (Erica  vagant)  takes  its  place. 

Here  and  there  we  find  among  the  ling  the  larg^.-flowered  heal 
with  nudding  pink  or  parple  bells  (Scotch  heath,  cro'>s-li 
heath).  The  leaves  of  these  plants  are  much  larger  and  thinoef 
than  those  of  ling ;  they  are  called  "  rolled  leaves,"  becanse  the  edges 
cnrve  downwards  and  inwanls,  partly  concealing  the  under  sarfnoe, 
which  bears  the  stomates.  All  our  uutive  heaths  agree  in  possessing 
wiry  stems,  long  roots  and  narrow  evergreen  leiives,  with  a  glossy 
cuticle  and  small  trauspiring  surfaces.  The  tissiios  are  very  dry, 
and  burn  readily  even  when  green  or  drenched  with  rain.  It  ix 
possible  by  good  manugcment  to  set  acres  of  heather  in  a  blaze,  ovea 
in  midwinter,  with  a  single  lacifor  match.  The  heaths  wither  very 
slowly  when  gathered,  and  chango  little  in  withering. 

Some  of  these  features  are  characteristic  of  desert  plants.     Mtiaj 
desert  plants  have  reduced  transpiring  surfaces  and  hidden  stomut 


ard, 
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Fig.  C. — TranaverK  section  of  mWeA  loaf  of  croas-Irared 
Heath  (Erica  Mralix). 

They  often  hare  very  long  roots,  as  was  particularly  obsetvod  in  the 
excavations  for  the  Suez  Canal.*  I'he  leaves  are  often  small  tnd 
crowded,  tlie  stems  woody,  much  branched  and  tufted.  Bright  sun- 
light retards  growth,  and  green  tis-sucs  hardly  ever  present  a  l^rgf 
absorbing  surface  when  they  arc  habitually  exposed  to  bright  light. 
Accordingly  the  young  shoots  and  branches  do  not  push  out  freelyj 
but  try  to  hide  one  behind  another.  The  tissues  of  desert  pliiDtti  umr 
be  remarkably  dry ;  tlicy  are  often,  however,  remarkably  succalenlj 
the  plant  either  learns  to  do  witliout  water  for  a  long  time  tigeth^ 
or  to  store  it  np. 

It  is  not  without  surprise  that  we  learn  how  similar  are  the  efl« 
of  tropical  drought  and  of  Arctic  cold.     The  facts  uf  distributinn 
would  in  thomsidvcs  suffice  to  show  that  our  moorland  heaths  are. 
wc-1!  fitted  to  endure  great  cold.     Ling  extends  far  within  the  Arctii 
circle,  though  it  seldom  covers  large  surfaces  there,  and  it  rises  I 


*  Examples  are  quoted  b;  Warniiog.    '  I^cfarb.  d.  ukol.  rflRnseDgeogiai^Hy 
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2000  motres  (6600  feet)  on  the  north  Bide  of  the  Alps.  It  extends 
sontbward  to  the  shores  of  the  Mediterranean.  Our  large-flowered 
heaths  have  not  been  traced  quite  so  far  north  as  ling,  and  they  are 
Dot  fouDd  on  the  Alps,  though  they  inhabit  tlie  Pyrenees.  Many 
representatives  of  the  licath  family,  with  like  structure  of  leaves,  are 
found  in  the  extreme  north  of  the  American  continent.  Those 
features  which  assimilate  our  heaths  to  desert  pliuits,  and  which 
wem  to  bo  obvious  adaptations  to  a  situation  of  extreme  drought,  are 
equally  serviceable  to  plants  which  have  to  face  boisteruus  winds  and 
low  temperature.  The  shrubs  of  tbo  far  north  arc  low,  tufted,  small- 
leaved,  evergreen  and  dry — ^just  like  the  heaths  of  our  moors. 
]|(iddendorff  *  shows  how  tlie  Daliurian  larch  boconios  stunted  in 
proportion  to  increasing  cold.  Before  it  disappears  altogether,  it  is 
cut  down  to  a  prostrate  creeping  shrub.  One  such  dwarf  larch, 
though  150  years  old,  was  only  a  foot  or  two  across.  Plants  much 
exposed  to  biting  winds  must  make  the  most  of  any  shelter  that  oan 
be  hod ;  their  branches  push  out  timidly,  and  for  a  very  short 
distance ;  the  loaf  surface  is  reduced  to  a  minimum  ;  since  the  warm 
Boosun  is  short,  evergreen  loaves  are  profitable,  fur  they  enable  the 
plants  to  take  advantage  of  early  and  late  suusliino. 

The  heaths  and  many  other  moorland  plants  bear  the  marks  of 
the  XerophytM,  or  drought  plants,     Xorophytes  grow  under  a  con- 

Kderable  variety  of  conditions,  some  of  which  do  not  suggest  drought 
;  first  sight,  but  their  tissues  arc  always  ill-supplied  with  water. 
It  may  be  that  water  is  hardly  to  bo  had  at  all,  as  in  the  desert ;  or 
that  water  must  not  bo  imbibed  in  any  quantity  bccauao  of  low 
temperature,  as  in  Arctic  and  Al[iino  climates ;  or  that  tlie  water  is 
mixed  with  useless  and  perhaps  iujurious  saltis,  from  which  it  can 
only  be  separated  with  great  difficulty,  as  in  a  salt  marsh.  Whatever 
may  bo  the  reason  for  abstintnco,  xerophytca  absorb  water  slowly, 
port  with  it  slowly,  and  endure  drought  well. 

In  the  case  of  moorland  plants  there  is  an  obvious  reason  why 
many  of  them,  though  not  qnito  all  (S))hagnam  is  one  exception) 
^^ould  rather  thirst  and  grow  slowly  than  pass  largo  quantities  of 
Biator  through  their  tissues.  The  water  contains  hardly  any  potash 
^Ot  lime,  and  very  little  that  can  aid  the  growth  of  a  plant.  But  it  ia 
probable  that  thiM  is  nnt  the  sole  reason.  Except  where  special 
^efenoes  are  provided,  it  is  dangerous  for  a  plant  which  may  be 
H^posed  to  wind  or  low  temperature  to  absorb  much  water. 

The  Bilberry  (or  Blueberry,  as  we  ought  to  call  it)  is  one  of  the 
f«w  exctipti<ina  to  the  rule  that  moorland  [dants  are  evergreen ;  it 
ooatu  its  loaves  in  early  winter.  But  the  younger  stems  are  green, 
and  take  upon  themselves  the  function  of  leaves  when  these  ai-e 
ftbseni.  Kcrner  has  described  one  adaptation  of  tho  bilberry  to 
MMOOa  when  water  is  scarce.  Many  plants,  especially  those  of  hot 
and  wet  climates,  throw  off  the  rain  water  from  their  tips,  and  so 
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keop  tho  ruots  compantiTelj  dty ;  othan  direct  tho  wator  down  the 
biunohcfl  «nil  stem  to  the  roots.  Bilberry  is  one  of  the  latter  sort. 
Tbe  rooaded  leavos  slope  downwards  towards  the  leaf  stalk,  aod 

from  the  base  of  every  leaf 
stalk  starts  a  pair  of  gruoTes, 
which  are  snuk  in  the  sor- 
face  of  the  stem.  A  light 
smumer  shower  iseoonomised 
by  the  gaidiog  of  the  drops 
towards  the  roots.  Bilberry 
abotmds  on  the  loose  and 
nandy  tracts  of  the  moor,  sod 
especially  on  its  verges;  it 
is  seldom  found  npon  a  deep 
bed  of  peat. 

There  is  a  moorland  p]uti 
which  may  be  said  to  micuic 
the  heaths,  as  a  Euphotbia 
tui  Olios  a  Cactus,  or  Sam- 
conia  a  Ncpouthcs.  Simi- 
larity of  habit  has  bmaglil 
about  similarity  of  stroctare. 
The  plant  I  mean  is  the 
Crowbciry,  which  is  so  like 
a  true  heath  In  its  fuliaga 
and  manner  of  growth,  that 
even  tho  botanists,  wbo  did 
not  fail  to  remark  that  6t6 
flowers  are  altogether  dif- 
ferent, long  tried  to  I'ring 
the  crowborry  and  tho  heaths 
as  near  together  in  tb«ir 
systems  as  they  could.  Orow- 
berry  has  the  long,  dry,  wiiy 
stems,  the  small,  narrow, 
rolled,  clustered,  evorgTwn 
leaves  of  a  true  heath.  Tho 
leaf  margins  are  turned  baci 
till  they  almost  meet,  aD<i 
tho  narrow  cleft  between 
them  is  obstructed  by  doK' 
sot  hairs,  so  that  the  tnii»- 
piring  surface  is  effectiuUj 
shelterod.  Crowherry  is  • 
peat-loving  shrub,  and  is  often  found  nnth  ling  and  other  hoaUu  in 
the  hcfvrt  of  tho  moor.  The  berries  are  a  favourite  food  of  hiri<i 
which  help  to  disseminate  tho  speoios.  Crowherry  has  an  ««- 
commonly    wido   distribution,  not   only  in    tho    Arctic  and  AlpiuB 


Fia.  7.  —  Crowbfrry  (JS'ni/^lmm  nigrum). 
A  Blaminuto  branoli,  eliglitly  enlarged ; 
a,  part  of  n  pistillate  branch  ;  h,  QUe  sta- 
minuto  dower ;  e,  one  pistillnte  flower. 
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fegionR  of  the  Old  World,  but  also  in  the  New.  It  abounds  in 
GreeDland,  where  the  Eskimo  use  the  berries  as  food,  aud  eitmct  a 
spirit  from  them.  A  very  similar  species,  with  red  berries,  occurs  in 
the  Andes. 

The  beathe,  bilberry,  crowberry,  and  many  other  peat.-loying 
shrubs  or  trees,  have  a  peculiar  root  structure.  The  URual  rnut  hairs 
are  wanting,  and  iu  their  plnce  wo  find  a  peculiar  fungus-growth, 
which  inyades  tlie  living  tissties  of  the  root,  somctinios  penetrating 
the  cells.  There  is  often  a  dense  mycelial  nmnlle  of  interwoven 
filaments,  which  covers  all  the  finer  roots.     This  looks  like  parasitism, 


Via.  8. — Cross  section  of  leaf  of  Crowberry.  The  lower  fieprea 
sliow  ono  of  Ibe  peculiar  haira  nnd  one  of  the  Htoaiutus.  Both 
am  confined  to  Uie  inner,  which  is  properly  the  under  surfaoo. 


hnl  ifao  fungus  is  apparently  not  a  mere  parasite,  for  tho  tree  or  shrub 
shows  no  sign  of  injury,  but  thrives  all  tho  bettor  when  tlio  fungus 
is  plentiful,  aud  may  refuse  to  grow  nt  all  if  the  fiingns  is  removed. 
Rhododendron,  ling,  most  heaths,  bilberry,  crowlxirry,  broom, 
Bporgo-lanrcl,  beech  and  birch  are  among  the  plants  which  have  a 
mycelial  mantle.  If  tho  native  soil  which  clings  to  the  ruota  of  any 
of  these  is  completely  removed,  if  tho  fine  roots  with  tho  mycelial 
mantle  are  torn  off  by  careless  trauBplantiug,  or  if  ponty  matter  is 
withheld,  the  plant  dies,  or  strnggles  on  with  great  difficulty  until 
tho  mycolial  mantle  is  renewed.  Such  plants  cannot,  as  a  rule,  be 
propAgated  by  cnttings,  unless  special  precautions  arc  taken.    Frank 
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niaintains  tliat  the  mycelial  mabtlc  is  tlie  chief  DQeaoB  of  absorption 
from  the  peaty  soil.  And  that  tlio  tree  or  shrub  has  come  to  dopeud 
upon  it.  The  known  foots  render  this  interpretation  probable,  but 
thorough  investigation  is  still  required.  In  some  oases  at  least  tbe 
plant  con  be  gradually  inured  to  the  absonoe  of  a  mycelial  mantle. 
I  have  repeatedly  planted  crowberry  in  a  aoil  devoid  uf  peat.  It 
generally  succumbs,  but  when  it  enryives  the  drst  year,  it  maintaine 
itself  and  elovrly  spreads.  Hicroscopic  examination  shows  tbat  tbo 
roots  of  crowberry  grown  without  peat  contain  no  mycelial  filaments 
or  very  few.  The  special  function  of  tlio  fungus  may  be  to  reduce 
the  peat  to  a  form  capable  of  absorption  aa  food  by  green  plante.  It 
is  likely  that  the  fnngus  gains  protection  or  some  other  di^tinot 
advantage  from  the  partnership.  Most  of  the  species  of  green  plants 
which  have  the  mycelial  mantle  are  social.  It  is  obTious  that  tbo 
fungus  will  be  more  easily  propagated  from  plant  to  plant,  whe 
^nuy  trees  or  shrubs  of  the  same  species  grow  together. 


Km.  y. — LoDgitadinal  «coli.>n  of  root  of  Ling  (OtJliina  vulynrit),  slio»iiiS 
myoorhizal  filamouls  in  outer  cells. 


The  grasses  of  the  moor  are  marked  xerophytes  with  wiry  lea^i 
whoso  look  and  feel  tell  us  that  they  have  adapted  themselves 
dronght  and  cold  by  reducing  the  exposed  surface  to  a  minimum.  A 
section  of  the  leaf  of  Nardus,  Aira  flexuosa  or  Festuca  ovina  sLom 
that  the  upper  surface,  which  in  grasses  bears  the  stumatos,  i« 
in-folded,  and  sometimes  greatly  reduced.  Advantage  bos  been  taken 
t>y  these  grasses  of  a  strnctnre  which  was  apparently  in  tbe  first 
instance  a  provision  for  close  folding  in  the  bud.  The  upper  stomtte- 
iKjaring  surface  is  marked  by  furrows  with  intervening  ridges,  ww 
where  the  fijldjng  is  particularly  complete,  l)oth  furrows  and  ridff^ 
are  triangnlar  in  section,  and  the  leaf,  when  folded  up  longitudin»Ily. 
boooraes  an  almost  solid  cylinder.  In  the  grasses  of  low,  d»iiip 
meadows,  the  power  of  rolling  up  may  soon  be  lost  by  the  IesT«. 
Other  grasfce,  which  are  more  liable  to  suffer  from  drought,  retain  m 
all  stages  tlio  povyer  of  rolling  up  their  leaver  Sosleria  casruleo,  (ot 
instance,  which  covers  largo  tracts  of  the  limestone  hills  of  Yorksiirjy 
cun  cliaiige  iu  a  few  minutes  from  closed  to  open,  or  &»ni  open  r^ 
closed,  according  to  the  state  of  the  air.     Tho  loaves  of  tlm  '^ 
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tnoorland  grassos  (Nardas,  Aira  flexnosa,  Festuca  oviiin)  ore  pe]> 
mancntly  in-rolled,  and  flatten  out  very  alovvly  and  imperfectly,  eyon 
when  imukorBod  in  wnttir  fur  many  hours^ 

Unr  moorland  gnkssos  arc  all  arctic,  and  oocnr  both  in  tlio  old 
aod  tliu  new  worlds  ;  Festuca  ovinn  is  also  a  gr&BS  of  the  8te])pc8;  it 
18  world-wide,  being  foUnd  in  all  coutinonts,  especially  on  luoiiiitaiuB, 
oud.ovbu  reaching  Australia  and  Now  Zealand. 

It  may  seem  paradoxiral  to  count  tho  Bushes  as  plants  which  oro 
protected  against  drought,  for  they  often  grow  in  the  wettest  part  of 
tho  moor.     They  aro  common,  however,  in  dry  and  stony  pliicofij  and 


Fio.   10. — Tnniverse  section  of  leof  <>{  Nardiu  $tricla, 
ahowiDg  permanent  iii-mlling. 


tbeir  stractore  is  completely  xoroph3'tic.  Tho  Uavos  arc  often 
ndocod  to  small  shoaths,  which  witlior  early,  while  tho  etoiiis  are 
green,  and  |ierform  the  witrk  uf  assimilation ;  or  else,  an  bappcus  in 
certain  species,  the  loaves  assome  tho  ordinary  structure  t)f  tho  &tcm. 
Tho  cylindrical  fofm  of  the  rush  stem  is  KiguiiicAnt,  for  of  all 
cloiignto  solid  figures  tho  cylinder  exposes  tho  smallest  surface  iu 
pri'pt'rtinu  to  its  volume.  Moreover  a  cylindrical  stem,  without 
I  uflatanding  leaves,  and  aliko  on  all  sii1e<),  is  well  Hin'teil,  an  Jiingiier 
pointa  out,  to  the  circumpolar  light,  which  shines  at  low  angles  from 
tsvcty  quarter  in  sdcceseiou.     A  rush  stem  is  gingnlarly  dry,  the 
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coDtre  being  occupied  bj  an   abundant   pith   of  star-fibaped  celll 
which  entangle  much  air, 

The  Hair  moss  (Poljtrichum  commune)  of  the  moor  has  a  defaiM 
against  sun  and  wind,  which  has  be«u  described  by  Ktrner.  TIk 
leaf  hasr  wiugs,  liko  an  altiir  piece,  which  can  open  and  shut.  Tin 
assimilating  surface  occupies  the  centre,  and  rises  into  many  grcflt 
columns.  In  wet  or  cloudy  weather  the  wings  open  wide,  but  wb 
the  sun  shines  they  fold  over  the  colamns,  and  prot4X}t  them 
scorching. 

All  the  most  churacteristic  plauts  of  the  m^wrs  are  Arctic.  Ling 
billwrry,  crowberry,  certain  rushes,  Nardus,  Fcstucu  oviua,  most  i 
our  club  mosses,  the   hair  moss  and   Sphagnum  range  within  iha 


Fio.  H. — Traniverae  section  of  Icorof  Aim  JttmmA. 


Arctic  circle ;  while  the  largcflowcrcd  heaths  get  close  up  to  it- 
Most  of  them  arc  fouud  ou  both  sides  of  the  Atlantic,  and  some,  liVe 
the  croivborry  ami  Fcstuca  ovina,  have  a  singularly  wide  distriba- 
tion. 

It  has  often  been  pointed  out  that  great  elevation  abote  SM  Wt 
produces  a  similar  effect  upon  the  flora  to  that  of  high  latitudft.  I" 
the  Alps,  the  I'jroncet',  the  Himalayas,  and  even  in  the  Andrtiitiie 
forms  chaructcristic  of  northern  lands  reappear,  or  are  mpregrnwd 
by  allied  specios.  Where,  as  in  the  case  of  the  Andes,  nearly  »11  ^ 
species  differ,  it  is  hard  to  draw  useful  conclusions,  but  whemiTer  «!>« 
very  same  species  »iccur  across  a  wide  interval  t}»e  case  in  iui>lrw!tif»^ 
In  iho  Alps  wo  find  our  moorland  and  Arctic  flora  aUnost  oonnJ«l*> 
thiiiigh  KubuB  Chamajmorns,  Erica  Tetralix,  and   E.  cinorca  (Wk 
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found  in  the  Pyretees),  Narthecium  ossifragum  and  Airo  flexaosa 

haTe  di8appearo<^. 

A  favourite  explanation  rests  npon  the  changes  of  climate  to 

which   the  glaeiation  of  the  norlhom  hcmisphore   beara    emphatic 

witness.     When  tlie  plains  of  Northern  Europe  were  being  strewn 

with  trftTellcil    Louldors,  when  Norway,  Scotland  and  Canada  were 

coTercd  with  moving  icn,  the  vegetation  of  Siberia  and  Greenland 

may  well  have  extended  as  far  south  as  Switzerland. 

I  do  not  doubt  the  general  truth  of  what  we  are  tought  respecting 

the  glacial  period,  hut  I  think  that  we  are  apt  to  explain  too  moch 

by  its  help.     We  know  very  little 

for  certain  sm  to  its   efTeet  npoQ 

vegetation.     Our  information  con- 
cerning the  proglacial  flora  is  cx- 

tromely  meagre,  nor  are  we  in  a 

pooition    to    say   positively   what 

sort  of  flora  covered  the  plains  of 

Europe  after  the  severity  of  glacial 

cold  had  passed  away,  and  before 

men  had  changed  the  face  of  the 

land  by  tiUage.*     Wo  know  rather 

more  about  the  animals  of  these 

ages,  for  animals  leave  more  recog- 

nisablo  remains  than   plants,  but 

Ibo  indications  of  date,  even  in  the 

case  of  animals,  are  apt  to  be  slight 

and  nnccrtain.      On  the  whole,  I 

doubt  whether  the  glac;al   period 

marks  any  great  and  lasting  change 

in  the  life  of  the  northern  hemi- 

sphcre.f     I  think  it  probable  that 

bluce    the    glaciol    period    passod 

away,    the    countries    of    Central 

Europe  posse?»!cd  many  s|>ecies,  both  of  i>1ant8  and  nniinals,  which  wb 
I  phould  now  consider  to  be  Arctic,  and  that  these  Arctic  species  endureil 
Itintil  many  of  them  were  driven  out  by  an  agent  of  which  gcologiata 
[lusnally  take  little  notice.     I  shall  come  back  to  this  point. 

'J'he  animal  life  of  the  Yorkshire  moors  is  nut  abundant.  Hares, 
JBhrcws,  stoats,  weasels  and  other  small  quadrupeds,  which  are 
Lpleoti/ol  on  the  rough  pastures,  cease  where  the  heather  begins. 
iTfaore  are  a  good  many  birds,  some  of  which,  like  the  grouse,  the 


Fio.  12.— Transverse  sei.tion  of  \entnt 
Fefiucu  ovtTut.  In  thick  M'Cticina 
Laira  are  seen  to  point  iuwonlg 
from  the  ioiier  eplderiTiis. 


*  Bnnie  infomiHtiou  has  been  gaJneil  by  inveMigatinn  Of  plant  rcmaing  found 
baomtli  tho  boga  of  Dcomark,  and  beneatli  the  pulieolithic  briok-earth  at 
HoKnc. 

t  It  ii>  well  known  tfaat  thU  porition  has  been  gtrongly  nmintnined  by  ProfeMor 
Boyd  DawkiTiB  {"  Korly  Man  in  Britain,"  p.  123, 4o.  'Q,  J.  Oeol.  8oc.'  vol.  xxxt. 
p.  727,  and  vol.  xxsvi.  p.  39!l).  On  the  other  tiilo.  Dr.  James  Qeikie  raity  b« 
' —     lUsl  (*  Prebisturic  Europe,'  cb.  iii.  Aa.). 
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nag  o— el,  the  twite,  or  iwoaotMn-liitnet,  the  eiitlev,  and  the  golden 
r,  mA  aU  their  foud  <m  the  Bxnr,  exeepC  in  the  depth  of  winter, 
le  of  ^ea  amj  ritii  the  aa-oaut,  or  Ibe  caUinted  itLit, 
jm&an  eoaatnea.  The  kestael«  hkckbitd,  whiai^et,  etooe- 
^utt.  aighi-JM'  tad  lapwing  abosad  on  the  "nmgha"  at  boider- 
paeliin'e  nma  then  «a  the  aioar  itMl£.  Owing  to  the 
taraaaadlo^e  there  are  praeticallj  BO  water-fawL  Gnllai 
ever  aeea,  though  they  are  eomtnnn  cnoogh  on  the  Northnml 
aooca.    Xow  that  the  pcnigriue.  goldoo  cagla  and  hea-harrifir 


Fit}    13. — TrmnsTerse •Cf linn  of  sU-m  of  Rii«h  (/ui.cud  rony/oni^ra/a*), 
showing  the  stcUutc  ])itb  cells.  auJ  vcrv  nuiutriiUH  kir  gjiaoes. 


externa inattxl,  the  chief  tuoorland  birds  of  prey  are  the  merlin,  kestr 
Rud  sparrow-Lnwk.     Of  thesn,  only  the  merlin  is  mot  with  in  the  wiM* 
jiarts  of  the  moor,  where  it  tlies  down  the  cmaller  birds.     The  Itext 
hoTors  over  the  ronghg,  on  the  look-ont  for  a  mouse  or  a  frog. 
B(tarrow-hawk  preys  upon  small  birdH,  but  rarely  onterB  the  heart  i 
t)io  moor. 

To  most  pooplo  the  interest  of  the  moor  eontroa  in  the  gn>n8^HJ 
There  arc  many  thingH  altout  grciUBO  which  provoke  discussion,  Bn<A^| 
HB  its  f(H)diug  times,  or  the  grouse-fly,  and  what  bocomos  of  it  duhn^^n 
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the  months  yrhen  the  grouse  are  free  of  it.  Bat  the  absorbing  topic 
on  which  every  dweller  by  the  moor  is  expected  to  hare  an  opinion, 
ia  the  grouse  disense. 

All  surts  of  causes  Lave  been  assigned,  such  as  over-stocking  of 
the  moors,  destruction  of  the  large  hawks  which  used  to  kill  off  ailing 
birds,  paxftfitio  worms,  culd,  duficicncy  of  fuod,  and  so  on.  Some 
Yorkshire  sportsmen  have  attributed  the  disease  to  the  scarcity  of 
gritty  sand.  Ou  shale-moors,  they  maintain,  the  gizzard  of  the 
grouse  is  filled  with  soft  stones,  which  will  not  grind  up  the  heather- 
tops  effectively,  eicept  whcu  thoy  are  young  and  tender.  On  saud- 
Btone  moors  the  grouse  can  di^al  with  tougher  food,  and  there  the 
disease,  it  is  said,  is  unknown.  Dr.  Klein  s  researches  *  bliow  that 
the  disease  is  really  duo  to  tlie  multiplication  within  the  lx>dy  of  a 
specific  germ,  which  is  fungal,  but  not  bacterial,  The  infection  is 
convoyed,  or  may  be  conveyed,  by  the  air. 

The  viper  is  rare,  and  until  quite  lately  I  had  never  heard  of  its 
presence  on  our  Yorkshire  nifiors.  Lizards  are  also  rare,  but  efts  are 
not  uncoium(jn.  Among  tlie  moorland  maths  are  many  small  Tiuoiua 
(allied  to  the  clothes  moth).  The  caterpillar  of  the  emperor  moth 
is  characteristic,  and  seems  to  bo  protectively  coloured,  for  it  wears  tho 
livery  of  tho  heiither — green  nud  pink.  Tho  moths  which  issue  from 
these  larvae  are  captured  in  great  numbers  by  Sunday  ramblers,  who 
resort  to  the  base  contrivance  of  bringing  ii  female  moth  in  a  cage. 
Tho  self-styled  "naturalist  "  sits  on  a  ruck,  and  captures  one  by  uud 
the  eager  moths  which  come  about  liim,  afterwards  pinning  out  tho 
ex|>andcd  wings  to  form  grotesque  patterns,  or  soiling  his  specimen^ 
to  the  dealers.  Certain  wide-sprcud  Diptcra  are  plentiful,  and  there 
«rc  »  few  which  pass  their  larval  etigos  in  the  quick-running  streams 
which  flow  down  from  the  moor,  The  fimttll  number  of  gm>d-sized 
insects  jiai-tly  explains  (or  is  explained  hyj  the  paucity  of  consjiicuons; 
scented  or  houey-l)earing  flowers.  In  this  tlio  moor  contracts  strongly 
with  tho  higher  AIjjs.  Bees,  however,  get  much  honey  from  tlio 
Iftrgc-flowered  heaths  and  ling ;  heather-honoy  is  considered  better 
than  any  other.     A  little  sealu  insect  (0»7/if«<o  ura)  has  heen  found 

IdoutifuUy  on  the  Sphagnum  of  tho  moois,  particularly  in  (uniber- 
lind.t  A  big  spider  (hpeirn  diadtma)  spreads  its  snare  among  the 
koather,  and  may  now  and  then  be  seen  to  deal  in  n  particularly 
artful  fashion  with  a  wasp  or  other  large  insect  which  may  have 
blundered  into  tlie  wvb.  The  spider  cuts  tho  threads  away  till  the 
•truggliog  insect  dangles;  cautiously  on  outstretched  leg  holds  out 
tmi  attaches  a  new  thread,  and  then  sots  the  wasp  spinning.  Tho 
silken  thn^ad,  paid  out  from  the  spinneret,  soon  binds  tho  victim  iiito 
•  helf'Kits  mummy. ^  I  have  never  found  gossamer  so  abuudaut  atf 
on  tho  verges  of  the  moor. 


'Tlie  Etiolii-ry  and  Pathology  of  Ciroiane  Discnae,  4c,'  (1892). 
Sbaw  (1800)  qaoteJ  V.y  R.  Hlaiichani  in  'Ann.  Soc  Knt,  Fr.'  torn. 
n  (ItfJO).  t  Uliiclcvrall'a  'S>iitJen,'  Vol.  ii.  p.  iJStf. 
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In  our  day  the  Yorksliire  moor  barbonre  no  qoftdrapeds,  and 
grassy  hills  none  bnt  amall  quadrnpeds.     It  was  not  Always  so. 
Raygill,  a  few  miles  from  us  across  tbo  moors,  a  collection  of  I 
was  disoovored  a  few  years  ago  in  qnarrying.     A  docp  fissure  in  tba 
rock  bad  been  ohohed  ages  before  with  stones  and  clay.     This  fiasart 
was  cnt  across  by  tbo  working  face  of  the  quarry.     Many  bones  wwe 
brought  oxit  of  it,  bones  of  tbo  ox  aud  roebuck  among  the  rest.     Bnt 
mixed  up  with  these  were  teeth  aud  bones  of  qnadrupcds  now  alto*^ 
gether  extinct  or  no  longer  found  in  Britain,  such  as  the  straiglit'J 
tusked  ck-phant  {E.  antiqutut),  the  hippopotamus,  a  southern  rhinoocroa 
(R.  leptorhitius),  the  cavo  hyteua,  and  the  European  bison.     The  IrisH 
tlk  is  often  dug  up  in  Yorksbiro,  the  reindeer  and  the  true  elk  now 
and  then.     Kot  very  long  ago  these  and  other   largo  qaadmpedt. 
grazed  or  hunted  a  country    which   can  now  show   no  qnadrnj 
bigger  than  a  fox. 

It  is  evident  that  the  moors,  valleys  and  plains  of  Yurkslural 
been  depopulated  in  comparatively  recent  times.  The  disapj 
of  Kci  many  conspicuous  species  is  commonly  attributed  to  the  glacial 
period,  but  I  think  that  the  action  of  man  has  been  still  mors 
iuflueutial.  The  extinct  animals  are  such  as  man  hnuts  for  profit  or 
for  his  own  safety.  Many  of  them,  among  others  the  cave  bear, 
Machairodus,  Irish  elk,  mamlnuth,  and  straight^tnskod  elephant,  are 
known  to  bavo  lasted  into  the  human  period.  That  so  many  of  thea 
were  last  seen  in  the  company  of  man  is  some  proof  that  he  ml 
oonc«riiod  in  their  death.  ■ 

Central  Europe,  before  man  appeared  within  its  borders,  or  whilM 
men  were  still  few,  little  resembled  the  Europe  which  wo  know. 
Much  of  it  was  cnvered  with  woods,  morasses  or  wastes,  and  inhabited 
by  animals  and  plants,  of  which  some  ranged  into  the  Arctic  circle^ 
others  to  the  Mediterranean,  Africa  and  India.  The  worst  lands  of 
all — cold,  wet,  and  wind-swept — had  doubtless  then,  as  now,  tho 
greatest  proportion  of  Arctic  species.  Bnt  it  is  likely  that  the 
passage  from  the  bleak  hills  to  the  more  fertile  valleys  aud  phnmi 
was  not  then  bo  abrupt  ae  at  pre»:!ut.  All  was  abko  nndrainod  aai 
nnencliised ;  and  what  wc  know  of  the  distribution  of  life  iu  PloiatO* 
oene  Eurttpo  shows  ns  that  a  large  proportion  of  oar  Enr 
animals  aud  plants  are  not  rej?trictcd  by  nature  within  narrow 
of  latitude  or  climate.  Species  which  are  now  isulated,  at  le 
Central  Europe,  occupying  moors  or  other  special  tracts,  and  car 
rounded  by  a  population  with  which  they  have  little  in  comi 
wore  formerly  continuous  over  vast  areas.  In  the  early  days  of  i 
in  Europe  many  plants,  birds  and  quadrupeds  which  are  now  almo 
eirclusively  Arctic  may  well  have  ranged  over  nearly  the  wholo 
Europe. 

As  men  gradually  rooted  thcmsolves  in  what  are  now  the  ma 
populous   countries  of   tho   world,   the   fauna   and    flora    unde 
sweeping  changes.     Tho  forests  were  cleared,  and  trees  of  imj 
species  planted  here  and  tberei     The  land  was  drained,  and 
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id  tilled.  Dnring  tho  long  attack  of  man  upon  wild  n&taro  many 
'quadrupeds,  a  few  birds,  some  injects  and  eonie  plants  are  known  to 
Lave  pcrislied  altogether.  Others  have  probably  disappeared  witb- 
ont  notice  Certain  large  and  formiddblo  qnadrupeds,  though  they 
Btill  survive,  lire  no  longer  found  in  Eiirupu,  hut  ouly  in  the  deserts 
of  the  south  or  the  unpeopled  northern  wastts.  Thus  the  Hon,  which 
within  the  historic  period  ranged  over  Greece  and  Syria,  and  tho 
griuly  bear,  which  iras  once  au  inhabitant  of  Yorkshire,  have  dis- 
appeared from  every  part  of  Europe.  Tillage  and  fencing  havo 
|checked  tho  seasonal  migrations  of  the  reindeer  and  tho  loiuming, 
Jsoful  animals  have  been  imported,  chiefly  from  tho  south  or  from 
Useful  plants  hove  been  introduced  from  ancient  centres  of 
ition,  and  common  farm  weeds  have  mannged  to  come  in  along 
with  tbom.  Many  spccicR  of  both  kinds  uro  southern,  many  eastern, 
none  are  Arctic.  In  our  day  the  cultivated  lands  of  Europe  are 
largely  occupied  by  southern  or  eastern  forms,  and  Uio  wastes  appear 
by  contrast  with  the  imported  population  more  Arctic  than  they  really 
are.  Even  tho  wastes  arc  shrinking  visibly.  Tho  fens  arc  nearly 
gone,  and  wo  shall  soon  have  only  a  few  Bcatterod  moors  b-ft  to  show 
what  sort  of  vegetation  covered  a  great  part  of  Europe  in  the  days  of 
choked  rivers  and  unfenced  land.  The  moors  theinstdvos  cannot 
ronat  the  determined  attack  of  civilised  man.  Thousands  of  acres 
which  used  to  grow  heather  are  now  pastures  or  meadows. 

What  we  call  the  Arctic  fauna  and  flora  of  to-day  is  ap]iarGnt]y 
only  the  remnant  of  an  assemblage  of  Bjiecies  varying  in  hardiness, 
which  once  extended  from  tho  Arctic  circle  almost  to  tlio  Mediter- 
ranean. If  climate  and  lioil  iilono  entered  into  the  rjn<'eti(<n,  it  is  likely 
that  the  so-called  Arctic  fauna  and  flora  might  stil!  maintain  itself 
in  many  parts  of  Central  Eurojio.  This  Arctic  (or  ancient  European) 
flora  includes  many  plants  which  are  capable  of  witltBtaniling  extremo 
physical  conditions.  8omo  thrive  both  on  peat  and  in  sand,  in  bogs 
and  on  loose  gravel.  They  may  range  from  sea  level  to  a  height  of 
I  several  thousand  foet.  They  can  endure  a  summer  glare  which 
I  blisters  the  skin,  and  also  tho  sharpest  cold  known  upon  this  (danet. 
Some  can  subsist  on  suil  which  cuntaius  no  ordinary  ingrodiont  of 
j  plant  food  ID  apjireciablo  quantity.  Such  plants  survive  in  particular 
I  place8.  even  in  Britain,  loss  because  of  peculiarly  api>ropriate  aur- 
rt>nnding8,  or  of  anything  which  tho  mxroscopo  reveals,  than  because 
they  can  live  wliere  other  p'auts  perish.  Ling,  crowberry  and  the 
rest  are  like  the  Eskimo,  who  dwell  in  tho  far  north,  not  because 
they  choose  cold  and  hunger  and  gl(X)m,  but  because  there  "nly  can 
they  OHcapo  the  competition  of  more  gifte<l  races.  The  lust  defences 
of  tho  old  flora  arc  now  being  broken  down  ;  it  is  slowly  giving  way 
to  tho  sociid  grasses,  tho  weeds  of  commerce,  and  the  broad -leaved 
herbs  of  tho  meadow,  pasture  and  hedge-row.  The  scale  has  bijen 
ted,  us  I  think,  not  so  much  by  climatic  or  geographical  changes^ 
the  acts  of  man. 

lover  of  tho  moors  would  bo  glad  to  know  that  thoy  bid 
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fair  to  be  handed  down  to  onr  children  and  our  children's  chU' 
without  dioiiitution  or  impoTcrishment.  The  reclaimiog  of  the  mooi 
is  now  checked,  though  not  arreBted,  and  some  large  tracts  are 
served  as  open  spaces.  But  the  imporeriehment  of  the  moors 
on  apace.  The  gamekeeper's  gun  destroys  much.  Enemies 
more  deadly  are  the  collectors  who  call  themselves  naturalists,  »ni 
the  dealers  who  serve  them.  A  botanical  exchange  club  has  kUir 
exterminoted  the  yellow  Gagca,  which  used  to  grow  within  a  mile  uf 
my  house.  Whenever  a  kingfisher  shows  itself,  young  men  conM 
from  the  towns  eager  to  slay  it  in  the  name  of  science.  No  knov* 
lodge  worth  having  is  brought  to  us  by  such  naturalists  as  thece; 
their  collecting  means  mere  destruction,  or  at  mOHt  the  oompiktiau 
of  801UC  disiual  list.  If  the  selfish  love  of  possesidng  takes  hold  on 
any  man,  let  him  gratify  it  by  collecting  postage-Btampe,  and  not 
make  hay  of  onr  plants  and  mummies  of  our  animals.  The  natanl)»t. 
should  aspire  to  study  live  nature,  and  should  make  it  bis  boast  t)i 
ho  leaves  aa  much  behind  him  as  he  found. 

[L-aM.] 
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Tan  lecturer  gave  an  i^ount  of  the  main  results  of  an  inTestigation 
00  the  relatione  bet«veen  the  viscosity  (iuternal  friction)  of  liquids  and 
their  chemical  nature  which  had  occupied  the  latu  Mr.  J.  W.  Bodgor 
and  himself  during  several  years.  He  pointed  out,  in  the  first 
place,  that  the  iqany  attempts  which  hod  been  made  since  Hermann 
Kopp  directed  atteution  to  the  conuoction  which  exists  between  the 
molecular  weights  of  substancoB  and  thoir  densities,  to  establish 
similar  relatioDshipp  between  the  mftgnitudes  of  other  physical 
constants  and  chemical  composition,  had  rendered  it  highly  probable 
that  all  physical  constants  are  to  be  regarded  as  functions  of  the 
ohdmioal  nature  of  molecules,  and  that  the  variations  in  their  mag-< 
nitode  observed  in  2>a^ing  from  substanco  to  substaDce  are  to  be 
attribated  to  changes  in  pLemical  composition.  As  yet,  however,  all 
endeavonrs  to  connect  the  chemical  nature  of  liquids  with  their 
Tisoocity  have  been  only  partially  successful,  although  it  is  obvious 
from  the  work  of  Graham,  Eellstab,  Pribram  and  llaudl,  and  Garten- 
meister,  that  such  a  connection  ought  to  be  disooverable, 

Thus  it  was  known  that  an  iucroment  of  CH,  in  a  homologous 
series  is  in  general  accompanied  by  an  incroase  in  visoosity,  and 
that  the  increase  is  greater  when  the  increment  of  CH,  takes  placa 
in  an  alcohol  radicle  than  when  it  tal^es  place  in  an  acid  radicle. 
Metamerio  bodies  have,  in  general,  diifercnt  viscosity  values,  and 
these  are  nearer  together  the  nearer  the  boiling  points  of  the  liquids. 
Substances  containing  doubto-linkod  carbon  are  more  viscous  than 
tboso  of  equal  molecular  weight  contaiuing  single-linked  CArbon. 
The  substitution  in  a  molecule  of  C'l,  Br,  I  and  NO.^  for  H  in  all 
cases  incroasos  the  viscosity  of  the  substance.  This  increase  is 
Bmullest  on  the  introduction  of  CI,  and  increases  on  the  introduction 
of  Br,  I,  and  NO,  and  in  the  order  given.  The  absolute  amount  of 
the  increase  depends  not  only  upon  the  nature  of  the  substituting 
radicle  bat  also  upon  its  position  in  the  molecule.  Of  two  isomeric 
eetore  that  possesses  the  greater  viscosity  which  coutiiiris  the  higher 
alcoholic  radicle.  The  ester  containing  the  normal  radicle  has  always 
»  greater  Tiscosity  than  the  iso-copipoand,  and  this  obtains  no  matter 
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whether  the  isomerism  is  in  the  alcohol  or  the  acid  radicle.  Tt 
normal  alilohydea  havo  invariably  a  greater  yificositj  than  the 
compounds,  whilst  the  alcohols  have  a  greater  vi^coaitj  than 
correBpondiDg  aldohjdes  and  ketones.  The  introduction  of  tl 
hydroxyl  group  into  thw  molecule  greatly  increases  the  Tiscoaity 
the  liquid.  This  is  strikingly  illustrated  by  the  instancta  of  propyl 
alcohol,  propylene  glycid  and  glycerin.  Indeed  the  high  riscoaity 
of  solutions  of  carbohydrates,  e.g.  the  sugars,  gums,  &c,,  is  probably 
depoudent  on  the  relatively  numerous  hydroxyl  groups  in  the  mole- 
cule. The  manner  iu  which  the  hydroxyl  group  is  combined  eeenu, 
however,  to  have  considerable  influence  on  the  viscosity.  Thus  in 
the  cases  of  the  isomeric  substances,  benzyl  alcohol  and  metacre^*). 
it  is  found  that  in  the  first-named  substance,  in  which  the  hydroxvl 
group  occurs  in  the  side  chain,  the  viscosity  is  very  much  less  than 
that  of  the  second,  in  which  the  hydroxyl  gronp  is  attached  to  a  oar 
atom  iu  the  ^enzouo  ring. 

Whilst  the  broad  fact  of  a  connection  between  the  viscosity  ofl 
liquid  aud  the  chemical  nature    of   its    molecules  is  establishod, 
cauuot  be  said  that  the  nnmoricftl  results  hitherto  obtainol  afford 
accurate  means  of  determining  the  quantitative  character  of  this 
nection.     This  is  owing  partly  to  the  imperfection  of  obaervalio 
methods, and  partly  to  tho  uncertniuty  of  the  basis  of  coropariaon, 
seems  futile  to  expect  that  any  definite  stoichiometric  relations 
become  evident  by  comparing  observations  taken  at  one  and 
temperature.     Hitherto  few  attempts  havo  been  made  to 
the  influence  of  temperature  upon  viscosity,  and  hence  the  la 
variation  is  unknown.     It  seemed  therefore,  obvious,  that  in  oi 
investigato  tho  subject  with  reasonable  hope  of  discovering  stoic) 
metric  relations,  one  essential  point  was  to  ascertain  mora  precL 
the  influence  of  temperature  on  viscosity,  and  then  to  compara 
results  under  conditions  which    have  been  fonnd  to  bo  sui 
similar  invostigotions  in  chemical  physics.     Unfortunately,  tl 
rate  dotcrmination  of  absolute  coefficients  of  viscosity  is  beset  \ 
diiHcultics,  both  iu  tho  theory  and  practice  of  tho  methods  which 
be  employed.     Moreover,  it  is  quite  possible  that  oven  if  accun 
values  of  the  coeificionts  of  viscosity  wore  obtained,  their  rclatii 
to  chemical  coiiiposition  might  not  bo  simple.     Viscosity  is,  no 
tho  nctt  result  of  at  least  two  distinct  causes.     AN  hon  a  liquid  fli 
during  tho  actual  collision  or  contact  of  its  molaculea  a  true  fricti( 
like  force  is  called  into  play  which  opposes  the  movenaeut,  whilat 
tho  same  time  mnlecnlar  attractions  exercise  a  resistanoo  to  the  fiw 
whicl)  tend  to  move  one  molecule  past  another. 

AfU^r  indicating  the  meaning  of  viscosity  and  the  pnaoia 
involved  in  measuring  it,  tho  lecturer  proceeded  to  point  out  L 
tho  coefficient  of  viscosity  may  bo  defined.  It  is  the  force  which 
necessary  to  maintain  tho  movement  of  a  layer  of  unit  area 
another  of  the  same  area  with  a  velocity  nmnorically  Mua]  to 
distance  between  the  layers  when  the  spaco  botwoen  them  if 
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tinuDusly  filled  with  tho  visoons  substance.  He  then  described  the 
difFerant  modes  of  mcosaring  viscosity,  and  explained  the  general 
principle  of  the  method  and  tho  features  of  tlie  particular  apparatus 
ompluyed  in  the  inTcetigatiou  made  by  Mr.  Ilodgor  and  himself.  Tho 
principle  woe  that  of  Poiseuille,  and  consisted  in  observing  the  time 
roqaircd  for  a  definite  volumo  of  liquid  under  a  definite  pressure  to 
pass  through  a  capillary  tube  of  known  size,  the  temperature  being 
known  and  kept  constant  during  the  interval.  The  actual  apparatus, 
however,  differed  in  many  important  features  from  any  previously 
itagaed  for  the  same  purpose,  and  admitted  of  the  detemiiuation,  in 
abeolote  measure,  of  the  coefficient  for  a  temperature  range  from 
0^  up  to  the  ordinary  boiling  point  of  the  liquid.  In  most  of  the 
instruments  used  by  previous  observers,  the  liquid,  after  passing 
through  tbe  capillary,  was  allowed  to  escape,  and  hence  the  apparatus 
had  to  be  recharged  before  another  observation 
oonld  be  made.     In  the  newer  form,  the  time         jl  ^ 

spent  in  recharging  was  savoii,  by  arranging 
that  in  all  the  observations  on  any  one  liquid 
tho  same  sample  could  be  used  repeatedly  ;  and 
further  economy  in  time  was  obtained  by  ar- 
nnging  that  observations  oould  bo  taken  wbilo 
tho  liquid  was  flowing  in  either  direction  through 
the  capillary  tube,  and  that  whilo  an  observation 
was  in  progress  and  liquid  was  leaving  one  por- 
tion of  tbe  instrument,  it  was  entering  another 
portion  and  getting  into  position  fur  a  fresh  ob- 
aervation.  It  was  also  desirable  to  avoid  tho  use 
of  corks  or  caoutchouc  in  such  parts  as  would  be 
in  oontact  with  the  liquid,  and  it  was  therefore 
necessary  that  the  instrument  should  bo  mode 
entirely  of  glass. 

The  form  of  apparatus  designed  to  meet  these 
reqoiremonts  is  shown  in  Fig.  1 ;  it  may  be 
termed  a  glischrometor.  It  oousists  of  two  up- 
right limbs  L  and  li  (left  and  right),  connected 
near  their  lower  ends  by  a  cross  piece.  Within 
the  cross  piece  is  the  capillary  tube  0  P,  the 
bore  of  which  is  about  '  008  centimetres  radius, 
and  the  thickness  of  tho  wall  about  2  millimetres, 
the  internal  radias  of  the  cross  piece  being  a 
millimetre  or  so  greater  than  the  external  radios 
of  the  capillary.  At  the  zone  R,  R\tho  walls  of 
the  cross    piece  are  constricted  and  mode  con-  ^'O.  1. 

tiiiuons  with  those  of  tho  capillary :    tho  latter 
is  thus  gripped  at  its  middle    portion  and  held  axially  within  the 
cross  piece.     Core  is  of  course  taken  that  tho  bore  of  the  capillary  is 
in  DO  wise  disturbed  during  the  prooesB  of  sealing. 

On  one  side  of  each  limb  of  the  inBtrumeut  three  fine  horizontal 
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lines  wore  etched,  m',  m',  I',  on  tbe  left  limb ;  m',  w*,  i*,  on  the  righ 
limb.  The  vuluiuos  of  tbe  limbs  between  m'  and  ni'  and  between  i 
aud  m*  were  carefully  determined ;  these  represent  the  Tolames 
liquid  which  flow  tlirongh  the  capillary.  The  time  taken  by  the  le» 
of  the  liquid  to  pai>8  frum  the  up|)er  to  the  lower  of  either  of  the 
pairs  of  marks  is  the  time  observed  in  the  experiments.  The  limliis 
constricted  in  the  vicinity  of  the  marks,  in  order  to  give  sharpness  in 
noting  the  coincidence  of  the  meniscus  with  the  mark.  The  shape  of 
tbe  limb  between  the  marks  was  made  cylindrical  rather  than  sphcriul, 
in  onlcr  that  the  contained  liquid  might  the  more  readily  acquire  tLe 
temperature  of  the  bath  in  which  the  glischrometer  was  placed  dunag^ 
an  observation. 

It  will  bo  seen  from  the  figure  that  the  npper  ends  of  the 
II',  H-  terminate  wiihin  the  glasa  trapH  T',  T-.  These  traps 
of  slight  adjustments  of  the  volumes  of  liquid  contained  in  the  lirubi^ 
and  their  uac  is  oonuccted  with  that  of  the  marks  k^  and  k^,  Duriag 
an  experiment  the  levels  of  liquid  in  the  two  limbs  are  cnntinoAll; 
altoi  ing.  The  object  of  these  marks  and  traps  is  to  ensure  that  at  the 
begiuning  of  any  observation  in  a  particular  limb  the  cfiiectiTe  heitl 
of  the  liquid  contained  in  the  glischrometer  shall  be  constaot  ood 
shall  be  known.  Lot  us  suppose  that  an  observation  is  to  be  made  in 
the  right  limb  ;  the  liquid  level  in  the  left  limb  is  just  brought  into 
coincideoco  with  the  mark  k*,  when  any  excess  of  liquid  will  flo« 
over  into  the  trap  T^ ;  hence  tlie  eflfcctive  head  of  liquid  extends 
from  U-  to  k^,  aud  is  thus  known.  A  similar  proceeding  is  canvd 
out  fur  the  left  limb  observations,  using  the  mark  k^  and  trap  T*. 
The  marks  k^  and  k"  are  placed  by  trial  in  such  positions  that  the 
volume  from  k^  to  H^  is  almost  equal  to,  but  slightly  greater  tliu, 
that  from  P  to  li'.  The  volumes  A;'  H^  and  k'^  H'  are  the  watkiofl 
volumes  of  liquid  used  in  the  observations.  1 

The  general  arrangement  of  the  whole  apparatus  is  showD  io 
Fig.  2.  A  bdth  B,  which  for  observations  at  temperatures  below 
JOQ"  contains  water,  and  for  higher  temperatures  glyc«rin,  is 
ported  on  an  iron  stand  which  is  placed  on  a  table  in  front  of  ( 
window.*  The  bath  is  divided  into  two  compartments.  The  inci 
compartmont  is  provided  bock  and  front  with  plate  glass  walhi; 
fest  of  the  bath  is  made  of  brass.  The  oator  compartment  boa 
^he  incier  at  the  sides  and  underneath,  and  is  fitted  with  a  tap  1 
adjusting  the  quantity  of  liquid  which  it  contains.  The  braaa  frup^ 
work  carrying  the  glischrometer,  and  thermometer  T,  can  bo  lowwad 
into  vertical  slots  in  the  lateral  walls  of  the  inner  compcrtuMOl; 
when  thus  situated  the  glischrometer  occupies  a  central  poeitioB  is 
the  bath.  The  walls  of  both  compartmcnta  are  provided  withgtudot 
filong  which  move  stirrers  consisting  of  brass  platee  pi«roed  witk* 
Jioles,  which  ore  attached  to  suitable  rods  and  cities  pieoee,  and  in 
worked  by  a  small  water-motor  W  M. 


*  In  practioo  two  bath*  were  used,  one  contuning  water,  tha  OtlMr  glf 
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The  mbber  tabe  E  connects  the  right  limb  of  the  gliech 
with  the  glass  tnbo  0,  in  which  ia  inserted  the  threo-way  cock  Z. 
the  same  way  E'  connects  the  left  limb  of  the  glischrometer  with 
tube  0'  fitted  with  the  three-way  cock  Z'.  At  P,  O  and  O'  are  unib 
by  a  T  piece  which  leads  to  the  bottle  M  containing  a  qtmntity  i 
Eulphuric  acid,  which  can  bo  abstracted  or  replaced  by  means  of  f 
syphon  W.  The  acid  serves  to  dry  air  in  its  passage  from  the : 
voir  L  to  the  glischrometer.  When  hygroscopic  liquids  ar 
experimented  upon,  the  exit  tubes  uf  the  three-way  cocks  are 
with  siimll  tubes  filled  with  calciam  chloride  to  prevent  access  of  at 
spheric  inoieture  to  the  gliBchrometer.  In  this  way  it  is  insured  I 
dry  ftir  only  is  in  contact  with  the  liquid  under  examination 

By  moans  of  the  tube  N,  which  extends  from  within  a  few  mil 
metres  uf  t!io  surface  of  the  acid  in  M  to  a  centimetre  or  so  belo 
the  cork  L',  and  which  is  fitted  with  the  cock  Q,  the  air  in  M  uiaj  1 
put  into  coraninuicution  with  the  large  air  reservoir  L.     litis  ro 
sit^ts  of  a  glnRs  bnttle  of  about  30  litres  capacity,  encased  in  a  woo<l« 
box,  and  Biirrouodod  with  sawdust  to  prevent  excessive   fluctnatia 
of  temperature.     A  glass  tube  A',  which  reaches  to  within  5  mir 
metres,  of  llie  bottom  of  L,  is  connected,  as  shown,  by  indio-rubbe'r 
tubing  with  the  water  reservoir  R.     The  air  in  L  is  compressed  by 
raisiug  the  wator  reservoir,  the  height  of  which  can  be  regoUtcd  hj 
a  cord  lending  by  a  system  of  pulleys  to  the  stud  X,  in  close  proximity 
to  the  observor,  and  to  the  water  manometer  D  D  which  indioaks  tbe 
pressure  set  up  in  the  confined  air  space.     The  manometer  is  ena- 
nocteil  with  the  air  reservoir  by  the  tube  I  I,  which  has  a  < 
termination  with  the  tube  N. 

After  describing  the  method  of  making  a  viscoBity  oli 
lecturer  proceeded  to  indicate  how  the  coefiicients  of  viseositj  1 
particular  temperatures  were  deduced  from  the  time  and 
iiow,  ajd  the  constants  of  the  glischrometer. 

The  coefficient  uf  viscosity  r;  may  be  found  from  the  i 

rj  =  jrBUplBlv-pYj%irlt, 

in  which  B  is  the  radios  of  the  capillary  tube  and  I  its  length,  tnd ' 
the  volomo  of  the  liquid  of  density  p  piissing  through  in  time  ( 
under  pressure  p.     The  negative  term  of  tbe  formula  gives  tbs  i 
sure  (if  the  correction  for  tlie  kinetic  energy  imparted  to  the  liqu 
as  deduced  by  Coiictte  and  Finkoner. 

With  a  view  of  tracing  thn  influence  of  homology,  sobstiiatioai 
isomerism,  molecular  complexity,  and,  generally  speaking,  of  ohtagv 
in  the  comjtoaitton  and  constitution  of  chemical  compounds  np<* 
viscosity,  a  scheme  of  work  was  drown  np  which  involro»l  the  doCH* 
mination  in  absolute  measure  of  the  viscosity  of  between  80  uvi  )0 
liquids  at  all  temperatures  between  0°  (except  in  oases  wker*  ^ 
liquid  solidified  at  that  tem]>eratare)  and  their  reflp«o(ir«  \d^^ 
points. 
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This  list  is  as  follows : — 

W«ter H,0. 

Bromiae Br,. 

Kitrogun  peroxide ^,Of 

Parafflnt  and  Ufuaturated  Fatly  nydroearboiu. 

PenUn©     CH,.(CH.),.CH,. 

laopcntane        (OH,).CH.CHj.CH,. 

Ho«ne      CH3.(CH,),.CH,. 

liohoxiine ,      ..      ..  (CU,),CH.CCH,),.CH,. 

Heptine CH,.(CIi,),.CH,. 

I»oheptane        (CII,),CH.(C'H,),,CH,. 

Octane       Cllj.(CH,)..CH,. 

Trimethyl  Ethylene (^UownjleDe)  {L'1IJ,C  :  UH.CH,. 

laoprt-ne  ( Peiitine) Cjtl,. 

Diallyl  (Hexioe)     CU,:  CU.{CH,),.CH:CH,. 

Iodide*. 

Methyl  iodide CU,I. 

Sthyl  iodide      ..  CIIj.CH,!. 

Propyl  iodide CU,.CH,.CH.I. 

Isopp^pvl  iodide       (OH,),CU[. 

laobutyi  iodide (OH,)iCH.CH,r. 

AUyl  Iodide      CH,:CH.CH,I. 

Bromide*. 

Ethyl  bromide CHj.CHjBr. 

Propyl  hrotnidc        CH,.CH,.CII,Br. 

iRopropvl  bromide (CHj).CHBr. 

Isobutvi  bromide      Ct)H,)^CH.CH,Br. 

Allyl  bromide UH,:  CH.CH.Br. 

EUiyieno  bpomlrle C'H,Br.CHjBr. 

Propylene  bromide CU,.CKBt.CU,\ir. 

Iwtbutylune  bromide        (('lIj),0Hr.CH5Br. 

Aoelyleiie  bromide (."HBr:CHBr. 

Chloridef, 

Propyl  chloride Cir,.CII,.C'K,CI. 

I«opropyl  chloride (CH,).CUC1. 

laobntyl  chloride     (CH,),CH.CH,CI. 

Allyl  chloride CH,;CH.0H,C1. 

Methylene    chloride     (Dichlorme- 

thane) CH,CI,. 

Ethylene  chloride C'H./n.CH,(:i. 

Etbylldeno  chloride        rH..CHCI,. 

Chlorofonn  (Trichlormelbnne)      ..  CHCl,. 
Carbon    tetrachloride  (Tetrechlor- 

methano)       CQ\. 

Carbon  diohloride  (Tetmohlorotby- 

kne)      C01,:CCI,. 

Sulphur  Compound*. 

Carbon  bianlphide Cf.. 

Mtthyl  sulphide       (('H,),9 

KUiyl  sulphide        (CH,.CH,).8 

Jhiopbeu c:iI:CH.S'.CH:CH 

I J 

-2  D  2 
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AeetaJdehyde  taid  Kefone*. 

Aoetaldehyde CH,.GOH. 

Dimethyl  ketone      CH,.CO.CH,. 

Methyl  ethyl  ketone       CH,.CH,.CO.CH,. 

.  Diethyl  ketone CH,.CH-.CO.CH,.CH,. 

Methyl  propyl  ketone     GHj.CCHJj.CO.GH,. 

Aeid*. 

Fonnieacid      H.COOH. 

Acetic  acid       CH,.C0OH. 

Propionic  acid CH,.CH,.OOOH. 

Butyric  aeid     CU..(GH,),.COOH. 

Isobutyric  acid (CH,),CH.COOH. 

Oxidet  (Anhydride*). 

Acetic  anhydride  (Acetyl  oxide)  ..  (CH,.COXO. 
Propionic     anhydride    (Propionyl 

oxide) (CH,.CH,.COXO- 

Aromalie  Hydrocarbon*. 

Benzene C,Kt. 

Tolnene  (Methyl  benscme)    ..      ..  G,H,.CH,. 

Ethyl  benzene G,Hj.C,H,. 

Ortho-xylene G,H4(GH,)^I :  2). 

Meta-sylene     0,H/GH,X(I  :S}. 

Para-xylene      C,H«(0H,X(1 : 4). 

AleohoU. 

Methyl  alcohol CH.OH. 

Ethyl  alcohol CH,.CH,OH. 

Propyl  alcohol CH,.CH,.GH,OH. 

Iflopropyl  alcohol      (CH,),CHOH. 

Butyl  alcohol CH,.(CH,),.CH,OH. 

Isobutyl  alcohol       (CH,),CH.CH,OH. 

Trimetbyl  carbinol (CH,),COH. 

Amyl  alcohol  (active)     OH,.CH,.CH(CH,)CH,OH. 

Amy  1  alcohol  (inactire) (CH,),CH .  OH, .  C  H,OH . 

Dimethyl  ethyl  carbinol        ..      ..  (CH,),C(OH).CH,.CH.. 

AUylaloohol CH,:CH.CH,OH. 

Eder*. 

Methyl  formate       H.GO(X)H,. 

Ethyl  formate H.GO0CH,.CH,. 

Propyl  formate H.GOOCH,.GH,.GH,. 

Mthvl  acetate GH,.GOOCH,. 

Ethyl  acetate GH,.COOGH,.CH,. 

Propyl  acetate CH,.C(X)CH,.CH,.C!H,. 

Methyl  propionate GH,.GH,.CO0CH,. 

Ethyl  propionate     GH,.0H,.GO0CH,.GH,. 

Methyl  buty rate      CH,.GH,GH,.GOOCH,. 

Methyl  isobutyrate (CH,),GH.GOOGH,. 
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EOieri. 

Bthyl  ether       CH,.CIL.O.CH,.CH,. 

Melliyl  propyl  olhcr       CH,.O.CH,.CH,.CH». 

Ethyl  propyl  I ther CH,.CH,.O.CH,.CH,.OH,. 

rMpmpyl  ether CU,.CH,.CH,.O.CU,.CH,.CII,. 

Metliyl  is.,butyl  ether CII,.O.CH„.Cn{CII,).. 

Ethyl  iaobuty I  ether       CU,.CH,.6.CU,.CIl(Cn,>,. 

In  speaking  of  the  results  of  tbe  observatious  on  these  Babstances 
the  lecturer  dj-ow  special  atteution  to  the  case  of  water,  more  jiarti- 
eularly  as  roganlu  the  effect  of  temperature  in  altering  its  viscosity. 
The  tollowing  table  shows  tlio  Tiscosity  of  water  in  absolute  mcasurc-s 
at  touipomtureB  betwocu  0'^  and  100"  C 


Vtaooaltr. 

rtmptr&ttiiv. 

VHcatHj. 

Tarapentare. 

ViKocKr. 

o 
0 

•01778 

85 

■00720 

o 

70 

•00  too 

s 

•015095 

40 

•006535 

75 

■0OH7'j5 

10 

•013025 

45 

•00597 

80 

•oo:h56 

15 

•0U!135 

50 

•005475 

85 

■00335 

90 

•010015 

55 

•005055 

90 

■003165 

S5 

•00891 

60 

•0<H68 

95 

•002985 

80 

•007975 

65 

•004355 

ion 

•0028S 

The  results  of  those  observ.itions  are  grnphically  rcprosentod  in 
Fig.  3,  in  which  viscosity  coefficients  are  ordiuates  and  tumperatureB 
are  abficis^ie. 

A  special  series  of  observations  was  made  in  order  to  ascertain 

'  if,  as  inferred  by  Moritz,  wntcr  had  a  maximum  viscosity  iu  the 

iibighboarLood  of  4',  but  no  indicatjon  was  given  of  any  anomalous 

change  in  tlie  rate  of  variation  between  0°  to  8',  and  the  lecturer 

pointed  out  the  bearing  of  this  fact  upon  the  supposition  that  water 

at  low  temperature  is  a  solution  of  ice,  richer  and  richer  in  ico  as  it 

is  more  and  more  cooled. 

^        The  so-called  auomaly  of  water  possessing  a  point  of  maximum 

^^  density  reim)te  from  its  point  of  congelation,  inuHt  bo  conucctod  with 

^^^1  other  physical  properties,  and  observation  Hhinvs  this  to  bo  the 

^HBm.     Water,  like  all  other  liquids,  is  coniprossiblti,  but  whereas  iu 

1^0  case  of  all  other  liquids  tbo  compressibility  increases  witli  tbe 

temperature,  it  is  fdund  tlmt  water  ut  low  temperature  is  more  com- 

pr«wible  than  at  high  temperatures.     It  has  also  Ixseu  shown  that 

water  is  "  anomalous  "  in  re6{)oct  to  its  bobavionr  when  heated  under 

preMuro.     The  degree  to  which  it  expands  for  a  given  interval  of 

temperature  steadily  iucrctises  with  the  pressure,  and  especially  at 

liiw  teniptratures,  contrary  t4)  what  is  usually  observed.     The  viscosity 

of  water  is  ulsii  alfected  by  pressure.     It  has  been  shown  by  Warburg 

and  tiachs,  and  also  by  Kontgen,  that  water  at  ordinary  temperatures 
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H                   becomes  mora  mobile  wbeu  subjected  to  prcsaare :  in  other  words,  ilM 
H                    viecosity  is  lowered  by  pressure.     This  is  a  very  striking  fact,  ufl 
^1                   BO  far  as  observatiou  hius  gone  it  is  without  a  jtaralleL      ^^^^^^J*^ 
^1                    ether,  liquid   carboo  dioxide,  all  become  more   Tiscoos  and^^^l 

^^H                                 -aaoB 

\ 

\ 
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j  ^ 
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.  3— Viscosity  of  Water  between  <fi  and  100». 

at  pressure.     Now  Professor  Kontgen  has  ] 
omalies "  may  be  explwued  on   the  assura 
iiy   tcmiiorutures   is   an  aggregation  of  tn 
lies,  one  of  wbioh  has  the  jiropurtioa  we  am 
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ioe.  The  proportionate  amount  of  these  "  ice-molecules  "  depenrls, 
I  mider  ordinary  conditions,  upon  tho  temperature.  On  beating  thej 
become  fewer  and  fewer ;  ou  cooling  they  become  more  numerous. 
TV©  may  regnrd  water  at  any  purticular  temperature  as  a  saturated 
solution  of  such  molecules ;  when  cooled  below  ite  ordinary  solidifying 
point  it  is  a  supersaturated  solutiim  of  such  molecules,  and  ui  course 
behaves  under  such  conditions  like  any  other  supersaturated  solution. 
Now  any  circumstance  which  eSects  the  transformation  of  the 
ice-molocules  into  the  other  kind  of  molecules  should  bo  attended  by 
■  oontraction  of  volume.  When  water  is  heated  from  0°  upwards,  w« 
haye  two  distinct  volume  changes — expansion  of  the  water  as  such, 
and  the  destruction  or  trausft^inuation  of  the  ice-molecules  with 
consequent  diminution  of  volume.  Up  to  4°  the  diminution  duo  to 
the  tninsformation  of  tho  ice-molccnlcs  is  greater  than  the  expansion, 
uid  the  nctt  result  is  oontrnctiut).  After  4°  the  icc-moloculcs 
become   fewer   and  fewer,  and    the   degree   of  expansion  gradually 

I  gains  upon  thnt  of  the  diminution  in  volume  due  to  the  alteration  of 
the  ice-molecules ;  and  thence  the  degree  of  contraction  becomes  less 
•nd  leas,  until  the  nett  result  is  an  increase  of  volume  and  the  water 
•eema  to  behave  like  any  other  liquid  on  healing.  It  dues  not, 
lowever,  follow  that  all  the  so-called  ice-molecules  will  liave  dis- 
appeared, even  at  above  8°,  for  tlie  two  distinct  seta  of  molecules 
way  co-exist,  but  of  course  in  gradually  diuunishing  ratio  as  the 
temperature  rises. 

It  is  easy  to  see  how  this  assumption,  which  is  but  an  extended 
form  of  a  very  old  idea,  may  serve  to  explain  the  "  anomalies  "  above 
referred  to.     Take  the  case  of  compressibility  of  water  at  low  tem- 
peratures.     It  is  unnecessary  to  remind  a  ICoyal  Institution  audience 
that  ioe,  oven  at  low  temperatures,  may  be  conveited  into  water  by 
pressure ;    the    clussical    cxperimLnts  of  Faraday  and  Tyudall   are 
ftdmirable  illustrations  of  that   fact.     Now   the   more   ice   we   thus 
f»nvert  into  water  the  greater  the  contraction.     A  given  increase 
of  presftnro  at  a  low  temperature  causes  a  greater  contraction  than 
n  ftt  a  higher  temperature,  because  at  the  lower  temperature  there  are 
I  uoro  ioe-molecules  to  be  uhaugul.     The  diminution  of  volume  under 
CoroprcBsion  is  liko  tho  increase  of  voliimo  by  temperature,  made  up 
of  two  parts,  viz.  (1)  the  real  compressibility  of  the  water;  and  (J) 
tho  diminution  attending  the    transformation    of    the  ice-moletulo8. 
Probalily  the  water-molecules,  as  Kueh,  behave  like  other  molecules — 
thoy  ciiutract  under  pressure,  and  to  a  gradually  smuller  extent  as 
the  pressure  is   increased  ;    it  is  only  tlie   effect   of  the   increased 
prOBSiiro  in  changing  the  ice-malocuLLB,  with  consequent  diminution 
of  volume,  that  makes  the  apparent  compressibility  greater,  and  thus 
gives  rise  to  the  "  anomaly."    It  ehould  follow,  therefore,  that  at  some 
point  of  tcmperatore  above  the  freezing  ])oint  of  water  tlicro  should 
\  be  a  minimum  point  of  compressibility,  just  as  there  is  a  minimum 
[  Volume.     Experiment  shows  that  such  a  minimum  point  exists  at 
[  about  50°. 
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The  £u;t,  disooTcred  by  Amftgut,  th&t  water  imder  greftt  pTesrare  is 
more  expsnsible  by  heat  tban  at  ordinary  preeeure,  may  also  be  eqtially 
well  explained  on  this  hypothesis.  laoroasing  temperature,  as  we 
have  Been,  works  in  two  directions  on  the  volame  of  water— bnt  u 
yet  nothing  is  exactly  known  of  the  effect  of  pressure  upon  the  volnme- 
change  per  degree  of  temperatore  of  an  aggregate  conoisting  solely 
of  one  kind  of  water-molecules ;  but  the  probability  is  tbat  snch  an 
aggregate  of  molecnlea  would  behave  like  a  gae.  The  auomnly 
fonnd  by  Amagat  gradually  disapix^rs  as  the  pressnre  is  increased. 
This  finds  its  oxplauation  in  the  fuet  that  with  gradually  increasing 
pressnre  the  nombor  of  ice-molocales  bcoomos  leas.  Amagat  also  found 
that  the  anomaly  became  less  marked  as  the  temperature  was  increased; 
this  also  is  explained  by  the  circumstance  that  as  the  temperature 
increases  the  number  of  the  ice-moleonlos  diminishes. 

The  same  hypothesis  explains  the  fact  that  under  pressure  tbo 
temperature  of  the  point  of  maximum  density  becomes  lower,  and 
it  also  affords  a  reason  for  the  circumstance  that  the  freezing  point  uf 
water  booomes  lowered  by  pressure. 

It  has  been  observed  that  water  at  low  temperatures  becomes 
colder  when  subjected  to  pressure,  which  may  be  explained  by  the  fact 
that  in  order  to  convert  icc-molecnlos  into  molecules  of  the  second 
kind,  heat  is  required,  which  can  only  be  farnished  by  the  compressed 
lt(pid. 

As  regards  the  iuflaenoo  of  pressure  on  Tisooeity,  we  have  only  to 
assume,  as  annlngy  indicates,  that  the  greater  the  number  of  icc- 
mulcculos  in  solution  the  more  viscous  becomes  the  liquid.  If  wo 
add  soluble  matter  to  water,  its  viscosity  increases.  Sea  water  is  more 
viHGous  than  pure  water,  and  tbo  greater  the  amount  of  salt  in  solu- 
tion tlio  greater  becomes  the  viscosity.  K  by  pressure  we  dimiuisb, 
for  any  particular  temperature,  the  number  of  ico-molecides  in  eola- 
tion, it  must  follow  that  we  diminish  the  viscosity,  which  is  what  is 
observed. 

Now,  in  the  b'ght  of  Professor  Eontgcn's  explanation,  the  behaviour 
of  water  is  no  longer  "  anomalous."  Its  normal  properties  are  exactly 
similar  to  those  of  any  other  liquid.  The  so-called  anomalies  are 
simply  duo  to  the  ciroumstance  that  the  "  solid  "  form  of  water  is 
specifically  lighter  than  the  liquid  form.  The  peculiar  form  of  the 
curve  showing  the  relation  between  viscosity  and  temperature  in  tho 
case  of  water  at  low  temperatures,  arises  from  the  progressive  acd 
rapid  increase  of  the  number  of  tho  ice-molecules.  In  this  special 
particular  water  is  not  peculiar.  Studies  on  surface  energy,  on  vapour 
pressures  and  densities,  and  on  optical  characters,  have  shown  tbat 
this  hypothesis  of  molecular  complexes  is  well  founded,  and  it  it 
remarkable  that  many  liquids,  especially  hydroiyl  combinations,  in 
which  there  is  reason  to  assume  tho  existence  of  such  cuniplexes,  alio 
exhibit  curves  of  viscosity  very  similar  in  character  to  that  shown  by 
water. 

The  mathematical  oxpression  of  the  relation  of  the  viscosity  of 
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liquids  to  tcmporfitnre  has  engaged  tlio  attention  of  many  pLjBicists 
from  tbe  time  of  Poisouillo,  but,  on  the  whole,  no  empirical  formula 
i«prodnc«fl  the  observc<l  values  bettor  than  that  of  Slotte,  which  may 
be  written  in  the  shape — 

,,  =  C/(a  +  0". 

In  order  to  dctermino  the  Talue  of  the  constants  two  ralues  of 
ij,  viz.,  1]^  and  j;^,  are  chosen,  which  correspond  respectively  with  tho 
iomporaturos  t^  and  t.^ ;  a  third  value  of  tj,  viz.  t/j,  is  then  found  from 
the  equation  r;.j  =  ^  jj  „  and  the  tomperataro  /.^  corresponding  with 
this  Talne  rj.^  is  found  graphically,  and  a  and  n  are  deduced  from 
the  equation — 

a  =      </  -   *l  ^'        „   =  log  Vi   -   log  713 

'i  +  '3  -  2',  log  (a  +  «3)  -  log  (a  +  t^)- 

Writing  the  formula  in  the  shape  7j  =  0/(14-6  I)',  where  0  is 
the  viecosity  coefficient  at  0'^,  the  exjjerimontul  results  in  the  case 
of  tho  whole  series  of  liquids  may  bo  accuratuly  ropresouted  by 
formulsQ  of  the  Slotto  type  by  means  of  the  following  constants. 

CovsTAjrTB  ra  Slottk's  Fokmula,  ji  =  C/(l  +  b  ly. 


ITontkiM    ..      .. 
Hczane     ..     .• 
Ueptwie    .. 
Octens      ..      .. 
Itopentane 
laonexano.. 
Inheptane 

Iaoprcn«    .. 
,  Anivlese  .. 

[Mi-thTl  ioJido  .. 
,  Kthyl  i««lii)e  .. 
Prnpyl  indiilo   .. 

'  I«ojiropyI  iixliile 
laobutjrl  iodide 

AIlvl  iodide      .. 

'Ethyl  bromide.. 
Propyl  bromide 

Isopropyl  bromide 
boDiityl  bruiiiido 

Allyl  bromide  .. 


0. 

b. 

•002«27 

■ oouocs 

•00.il  80 
•007025 

•OOGOnD 

•00.5279 
•00.5:..-.  I 
•O0G873 

•002724 
■003713 
•001767 

•00843ri 
MW4777 
•005541 

■002600 
•0()2.'^:« 
•003S88 

•00«944 
•0a534l 
•003780 

•nn.'i940 

•OOTl'.tO 
■00'.t3-2 

■007444 
•O0(;3.52 
•007:108 

•008783 
•OlltfiO 

OOGfiCS 
•00D186 

■001)296 

•0117933 

•004776 
•0OG448 

•007212 
•006421 

•ODOOl-t 
•«0it234 

•005016 
•DOG 187 

■OOGIM 

•006895 

!•  7-205 
2  12(i4 
21879 
2  •©•290 

1-291)1 
2  •  3-237 
2 • 1633 

14433 
1-7855 
r9340 


1-4329 
17.VJ0 
1-7483 

19H)1 
1-0577 

r6592 


14749 
I- 828-2 

20IC6 
2-1.M7 

I •7075 
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^M 

a 

1 

^H                       Ethylene  bromide 

^^1                       Propylene  bniznide 

^H                       Itobutylene  broini<le 

^H                       Acetylene  bromide 

•024579 

•023005 
•033209 

•012307 

•012373 
■01I2«7 
•013-2-if7 

-008905 

i-esn 

V7075 
1-7988 

isosa 

^H                      Bromine 

•012535 

-00S935 

1-4077 

j^H                        Propyl  chloride        

I^H                         Ist^ipropyl  chl'iride 

|IH|                         laubutyl  cliloride     

Ml'                       Allyl  chloride 

•004319 

•004012 
-005842 

•004059 

■004917 

•007483 
-007046 

•006366 

2-S453 

l-5«l» 
l-87« 

l^-45» 

IIH                        Ethylene  oliUirido 

llH                          EthylidtQe  i-hk>ride 

IIH                        Mrtlyleno  cliloride 

m                         Chlorornrin       

1^1                        GtirbdD  tftruphioride 

I^M                      GacboD  dichloritle 

•011209 
•000205 

•005357 
•007006 
•0I34«6 

•01139 

•(xmas 

•007575 

-007759 
•006316 
•010521 

•007925 

1-6640 
l-(i7«ll 

1-440I^H 
l-(ll9f^H 
1^71J1  ^ 

16325 

I^M                        Carbon  bisulphide 

■004294 

•005021 

l-«3tt 

W^M                         Hethyl  8ul{>hide 

^H                         Ethyl  sulphide        

•003538 
•U05589 

■005871 
•00ti705 

1-6M1 
1-8I75 

^M                      Thlopben 

■008708 

•009445 

l-fi078 

^H                         Dimi'lhyl  ketine     

^H                          Mt^tliyl  etiiyl  ketone 
^H                          Ut'tbii  prcjpyl  kulone 

^H                                  DiL'tll>l  ICL'tuTlO           

•003949 
•005383 
■006464 
■005949 

•004783 
•007177 
•007259 
■006818 

1-7895 
1-8S4S 
1^86:W 

^H                       Acelnldebyde 

•002671 

■003495 

2-7550 

^M                        Pnriiiic  acid      ..     ..     ..      .. 

^M                         Acetic  avid              .,      ,. 

^U                          Propionic  aoid 

^K                        Butyric  acid , 

^M                         lanliDtyrio  acid         

•029280 
•0IC867 

•015199 
•022747 

•0l887'2 

•01 6723 
•00H912 
•00!tI30 
-0ia=i86 

•009557 

1-7164 
2 -Mai 

I  8810 
liiO» 

rOK9 

^H                            Aeetif  atiliydrido 

^1                         Propionic  anhydride 

■012416 
•01(J07I 

•010*298 
•011703 

rccji 

I-7MS 

H                        Ethyl  ether      

•0O28C4 

•007332 

1  46l< 

J 

I 
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— 

C. 

b. 

n. 

Benxene ,.      ■. 

T.ilucno 

Kthyl  benwne 

Ort1io-xylon« 

MetA-xyleii« .. 

FtzA-xylene     

•009055 

•007684 
•(W8745 

•011029 
-008019 
•008457 

•011963 
•0088,50 
•008218 

•010.179 
•008646 
•008494 

1-5554 
1^6522 
1-7616 

1-6386 
1-6400 
1-7326 

Water— 

0°to     8»       

0°  to  100°       

•il  17793 
-017944 

•017208 
•023121 

1-99-14 
1-5423 

Methyl  alcohol        

Kthyl  aloobol 

Pniiiyl  alorthol..     .. 
Bulylnl.-ohol  — 

0°to    52°        

52°  to  114° 

I«opropTl  alcohol— 

0°to40°         

40^10  78°         

Iiobntrl  alcohol— 

0°lo    38°        

38°  tn    7.5°        

75°  to  10.'.°       

Inactive  aniyl  alcohol — 

0°to    40°        

40°  to    80°        

8o°l«128°        

Aotire  atnyl  alcohol — 

0°  to    35°       

35°  to    73°       

73°lol2»° 

Trimetliyl  oarhinol — 

20°  to  50°         

50°  to  77°         

DioMtbrl  ethyl  csrblool— 

0^to27°         

27°  to  63°          

63°  to  95°         

AUylaloobol 

•008083 
•0177.53 
-038610 

•051986 
•0509,59 

•045588 
•048651 

•080547 
•085365 
•01)4725 

•08.5358 
■0St3782 
•152470 

■111716 
•1 '24788 
•147676 

•13.5060 
!• 755458 

•142538 
•  1. 54021 
•131901 

•021736 

•O06I0O 
■Oit4770 
•007366 

■007194 
-010869 

-0070.57 
•011,5*13 

•0108*0 
•0]l.'i27 
■015838 

•008488 
•012520 
•026540 

•009851 
■015463 
■127583 

■128156 
■196967 

■020868 
•0-27019 
■026<I82 

•009139 

2-6793 
4-H731 
3-9188 

4-24.52 
3-2150 

4-9635 
3-4079 

3-6978 
3  6708 
3-0537 

4 -.3249 
8-3395 
2-4618 

4-3736 
3-2542 
2  0050 

1-8232 
20143 

3-2080 
2  7578 
2-6610 

2-7925 

)introg«n  peroxide 

•006207 

•007098 

1-7319 

Methyl  rnraate       

Ethyl  formate 

Propyl  formate         

•001301 
•005U48 
•006679 

•014655 
•007197 
■007179 

0-8325 

1-7006 
1-9154 

I 
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CossTASTB  D«  Blotte's  FoRmJI.A  q  -  C/(l  +  b  f)- — continued- 


HotLvl  noeUto  •• 

Etiiyi  ncetate    ..  .. 
Propyl  mcetate  .. 

Mftliyl  propioii&te  .. 

Ethvl  uropionato  ,. 
Methyl  butyrata 
ftlctbyl  ittobutyreU}., 

Diethyl  etlior  ..      .. 
Melliyl  propyl  other 
Kthyl  propyl  ether  .. 
IMpr'pyl  etlior 
Melliyl  imjliutyl  ether 
Ethyl  itiobutyl  otbtsr 


•001781 
•005783 
•0O770G 
•005816 
•0(i«928 
•00".i87 
•  000720 

•002864 
•003077 
•0039G9 
•OOMOl 
•003»13 
■00482tj 


b. 


■006472 
•007 H84 
•0<)7fl83 
-00«820 
•(107468 
•008081 
-007  U4 

•0073S2 
•006809 
•005454 
•006740 
•005737 
•006549 


1* 
1- 

i'«m 

1-8979 
1  89I« 

1-8375 

1  9105 

1-46M 
1-5863 
2-1451 
1-97SI 

2  0109 
1  1*733 


Slotto's  formula  gives  the  best  rosnlts  in  the  case  of  o\ 
▼iscosity  curves  in  which  the  slopo  yaries  but  littlo  vrith  tho  tem^ 
tare.     As  regards  tho  relation  iMstween  the  chemical  nature  of  ti 
suhfitancos  and  the  magnitude  of  their  tomperaturo  coefficients,  it 
eTident  thut — 

(a)  From  the  mode  in  which  the  oonetants  n  and  h  arc  dorivi 
their  individual  values  canuot  be  expected  to  bo  simply  related 
chcmicttl  uuturo. 

(b)  For  tho  majority  of  the  liquids  tho  formula — 

>,  =  C/(l+)8/  +  y<>) 

obtained  from  Slotto'e  formula  by  neglecting  terms  in  the  denominali 
involving  higher  powers  of  /  than  t',  closely  espressos  tho  effect  < 
temperature  on  viscosity,  atid  in  tho  formula  the  maguitudcs  of  tbl 
cocfliciontB  p  and  ?;  are  found  to  be  definitely  related  to  the  molocula 
weight  andcunstitulion  of  the  substances,  except  in  the  esse  of  liqui( 
which,  like  water  and  the  alcohols,  contaiu  molecular  aggregate. 

In  order  to  obtain  quantitative  relationships  between  visooeil 
and  chemical  nature,  and  to  compare  one  group  of  subntauocs  tril 
another,  it  is  necessary  to  fix  upon  particular  tcniperatnree,  and  \ 
obtain  and  compare  the  values  corresponding  with  those  temperi 
turcs.  Tho  first  point  to  decide  was  at  what  temperatures  visoositi^ 
should  bo  oomparL-d.  Inasmuch  as  tho  viscosity  curves,  eren  in  tl 
same  family  of  substances,  cross  one  another,  it  is  obvious  that  quant 
tative  relationships  obtained  at  any  single  temperature  of  compari&al 
as  has  usually  lioen  done,  can  have  no  pretensions  to  genemlitj 
Follow  ing  the  method  of  Kopp,  temperature  of  the  b«jiling  j«<int  di« 
bo  considered  as  a  comparable   tcm])eraturo,  or  wo  may  aiJupt  til 
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method  indicated  by  Van  der  Waals  ;  or,  lastly,  wo  may  compare  tbo 
yiBcosity  valuos  at  tbo  temperatnros  of  equal  Elopo,  or  at  tcmporntures 
at  which  drf  /  dt  is  tho  Home  for  the  different  liquids — that  is,  points 
at  which  tempcraturo  is  exercising  the  same  cficct  on  viscosity. 

Now,  no  matter  which  of  theec  modus  of  comparison  be  instittitcd, 
definite  general  relations  arc  apparent.  Thus,  if  wo  compare  tho 
Tisoosity  coefficients  at  tho  boiling  points,  it  is  found  that  as  a 
homologons  series  is  ascended  the  cocfBcients,  as  a  rule,  diminish. 
Of  corresponding  compounds,  tbo  on©  having  tho  highest  tboorotical 
molecular  has  the  highest  coefBcicnt.  Normal  propyl  compounds 
have  higher  values  than  allyl  compounds,  and  an  iso-compound  has  a 
larger  coefficient  than  a  normal  compound.  In  the  case  of  other 
metameric  substances,  branching  of  tbo  atomic  chain  and  tho  sym- 
metry of  tho  molecule  influence  tho  magnitudes  of  tho  coefficients, 
the  ortho-position  in  tho  case  of  aromatic  compounds  having  u  more 
marked  cflbct  than  cither  tho  mct^i-  or  piira- positions.  There  are, 
however,  certain  significant  exceptions  to  tlio  universality  of  these 
mles,  but  these  are  in  all  probability  dependent  upon  did'erencos  iu 
molecular  complexity,  as  there  is  independent  reason  for  believing 
that  tho  anomalous  liquids  contain  molecular  aggregates.  Very  similar, 
ftlthongh  less  definibo,  relationships  aro  obtained  at  corresponding 
temperatures  obtained  by  the  method  of  Van  der  Waals,  and  these  aro 
still  more  obvious  when  the  comparisons  aro  made  at  temperatures  of 
eqnal  slope. 

The  attempt  has  been  to  ascertain  if  molecular  viscosity  can  bo 
exproBBcd  as  the  sum  of  partial  effects  which  may  bo  ascribed  to  tho 
atoms  and  to  tho  modes  of  atom  linkage  which  ooonr  iu  tbo  molt  calc, 
and  it  has  been  found  possible  to  obtain  values  for  particular  clo- 
iDonts  and  groups,  and  to  traco  the  special  influence  of  tho  iso- 
grouping,  of  ring  grouping,  and  of  douTdo  linkage,  upon  tho  viscosity 
of  a  liquid  in  such  manner  as  to  obtain  a  very  fair  agreement  between 
the  observed  and  calculated  value.  Fundamental  viscosity  constants 
have  tiina  been  obtained  fur  tbo  various  elements,  and  it  is  possible 
to  assign  a  quantitative  value  to  specific  differences  iu  molecular 
urangemout.  Thus  the  fundamental  viscosity  constants  at  tempera- 
tores  of  equal  slope  may,  for  a  particular  slope,  be  expressed  as 
follows : — 

FlNDAJIENTAI.    ViSCVSITY    CONSTANTS, 


Hydh')gcn,.  ., 

Oirboa      

Hydroxyl-oiygcn 0 — O — H 

EUier-oxygen 0— O— C 

Oubonyl-oxygen     C=0 


C 

\/ 

O 


44  ^5 

31 
IGS 

58 
198 
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FtTNTAMEKTAL  ViSCOSITT  COKSTANTS— eo»ffn«l«rf. 


Sulphur C— S— 0 

Chlorine  (in  monochlori' lea) 

Chlorine  (in  diotiloride?)        

Bromine  (iu  monobiomidi  a) 

Bromine  (in  dibromitles)        

Iodine       

Im  grouping 

Double  linkage       

Ring-grot!  ping        


8 

«4« 

01 

SM 

CI' 

244 

Br 

372 

Br' 

sei 

I 

199 

< 

-a 

(=) 

<s 

® 

2M 

The  following  tables  show  tho  nnmbers  calcnlAted  by  meuM 
these  oonstantB,  together  with  those  actually  obeorvod  in  a  nnmber 
caaos: — 


Pentane  .. 

HexaQe  .. 

HeptHuo  .. 
OoUne 

Igopeatane 
Isa'iriexano..      .. 
iBobepbiiie 

lenpreno    .. 
Di«lI;I       ..      .. 

Methyl  iodide  .. 

Ethyl  iodide     .. 
Propyl  iudido    .. 

Isopmpjl  iodide 
Isobutyl  indide 
A UyL  iodide 

Ethyl  brotnido,. 
Propyl  brotnido 

Isopropyl  bromide 
lM>but^l  liruuiido 


ObM^rML 


687 
818 
931 

1035 

663 
799 
908 

C20 

728 


638 
778 
903 

878 

1010 

8C4 


OUcotatot 


809 
929 

1049 

608 
788 
808 

607 
729 


661 
78« 
>90< 

88S 

lOOS 


663 
774 

ISO 

«77 


657 

777 

756 
K76 


aUrj^Va 


-0-S 

11 
o-i 

-1-3 

-0-7 
1-4 
0-1 

M 
-O-I 


-4  0 

-0-8 
-01 

-OB 

07 

-0-t 


0-0 
-04 

-0-S 

01 
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Diffarencc  per  ocnt.           ^^H 

Allyl  bromide 

Eth'yl'-ne  bromide 

Propylene  bromide 

laobutylene  bromide 
^  Acetylene  bromide 

731 

S»73 

lOUS 

1171 

932 

739 

962 

1082 

1181 

921 

-0-7           ^^H 

i-i        ^^H 

-0  9            ^^H 

^    Propyl  chloride        

Iiopropyl  chloride 

Ijobutyl  chloriJo     

AIl)l  oliliiriile 

Ethylene  chlnride 

Methylene  chloride 

658 

641 

760 

CI7 

737 
6U0 

661 

640 

780 

623 

728 
600 

00        ^^H 

MattiTl  itiltihiJe      

Ethyl  ralpnide        , 

578 
812 

575 
815 

0-5                    ■ 

Dimethyl  ki  tone      

Methyl  i-thvl  ketone 
Mctliyl  propyl  kutuue     .. 
Diethyl  ketouo        

572 
671 
71*6 
785 

5.'>8 
678 

7'J8 

-i-o        ^^^H 
-1-6                 ^H 

Aeetaldehyde 

448 

438 

2-2                    ^1 

Formic  »rid      

Acetic  acid       

Prnpionic  acid 

Butyric  acid     

IwbutTric  Mid 

456 
593 

842 
843 

484 
6'>4 
724 
844 

823 

-1-8        ^^B 

2-4           ^^H 

Aeetic  anhydride 

Propionic  anhydride       ..      .. 

838 
1036 

845 
1085 

^^M 
^^H 

Ethyl  ether      

635 

627 

1-3             ^^1 

Bnnzene    

Toluene 

Ethyl  benzeoe 

Orthoxylena .. 

Metk- xylene     

P&r»-xyletie      

1 

688 
821 
939 

954 
939 
923 

697 
814 
934 

934 
934 

934 

0-8          ^^H 
0'5                  V 

21            ^.^1 

0-5           ^^H 

■        These  general  reauUn  are,  it  should  bo  stated,  indepcndoDt  of  tlio         ^| 

"  the  relations  arc  made  obvionB.     Of  couree,  in  tlio  actnal  comparison,         ^H 

•ach  a  valne  of  the  »lope  vras  Belectod  as  would    comprohend   the         ^H 

greatest  nnmber  of  nbtierved  canes.                                                                       ^| 

In  coucliiMion  it  may  be  pointed  out  that  a  onmprchonsire  view  of         ^H 

K  the  phyaiwcboinical  relation  sliipB  of  a  scrim  of  Biibstances  can  on  If         ^| 

Recent  Beaulls  of  PJtj/»ico-Chev»cal  Inquiry.      [1 

be  obtained  by  Btndjitig  the  variation  of  the  physical  property  ore 
wide  a  raugo  of  tcinpomturo  as  possible ;  that  the  graphical  or  i 
braical  rG[>reaentation  of  the  rosnlta  so  obtniued  will  indicate  whe 
particular  mcmbors  of  a  series  arc  exceptional  iu  behaviour  m 
pared  with  their  congeners ;  and  if  snch  exceptional  bohavioar  < 
it  may  bo  detected  either  in  the  vificosity-magnitudo  or  the  temf 
no  matter  whether  we  use  the  boiling  point,  a  corresponding 
tore,  or  a  tomperatnro  of  equal  alopo  aa  the  condition  of  com  pari 

[T.  E,  T.] 
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Tho  Spocial  Thanks  of  tbo  Members  wore  relumed  for  tbo  folkiw- 
in)>  Donation  tu  tho  Fund  for  the  Promotion  of  Ezporimcnt&l  Research 
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A  ew  South  Wulet,  The  Agent-General  /or— yfeBlth  and  Progress  of  New  Soi 

Wales,  lt>95-'.i6,  Vol.  IL     8vo.     1897. 
Odoiitologioal  Society — Transaclionis  Vol.  XXX.  No.  4.     8vo.     1898. 
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VSaditijfe  Lihrnry,  Oxford  Unirertiltj,  iliueuin — Catalogue  of  Books  ttddud  U>  tlio 
Library  daiinp  iW7.    4tn.     18;>8. 
omr,  Minittry  of  Vultlic  Workf—iixomaXo  del  Gonio  Civile,  18£>7,  Faaa  8-10. 

8vo.     18!I7.     And  Dcgijfni.     fol. 
o^al  Society  »f  London — PLilosopbioal  Traneartioua,  S«r.  A.  Vol.  CXO.  Noe.  209, 
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WEEKLY   EVEXTXG  MEETING, 
Fnd>T.  Harcli  11.  1838. 

8d  F>k&kkick  BftAMWRU^  BjiKT.  D.C.L.  LL.D.  F.R.S. 
Hon»M7  Seerefary  Aod  Tioe-Preaident,  io  tbo  Chair. 

Waltu  Fkswks  Lobt,  Esq. 
•*jr<tHM  I7iMcp7ored." 

Tex  snuJl  «ro«  of  unexplored  Liskory  that  I  shall  ask  jonr  laavi 
open  ap  this  evening  i&  that  carioas  bM'kwuter  of  M>t<litema 
history  which  1  have  oJled  Mnrat's  droam.  It  was  aD  early  attd 
to  nniij  Italy,  and  iras  defeated  by  Lord  William  Bentinck  and  L| 
Philippe  (afitfirardB  Eing  of  the  Freodi)  when  Due  d'Orleaua. 

In  order  to  facilitate  my  exposition  of  this  highly  complict 
periled  I  will  ask  yoar  attiDtion  to  these  four  maps.  The  first  re 
■enis  Mnrat's  dream  ;  tlie  second  represents  what  actually  happc 
to  Italy  wbon  that  dream  ceased  to  be  cren  an  aspiration  ;  ihe  tl 
MjovfleaitB  Italy  at  the  present  moment:  I  will  speak  of  the  ful 
BMtp  ptcsently.  As  regards  the  first  map  I  need  hardly  remind 
that  after  the  battle  of  Ansterlitz  the  ancient  kingdom  of  tbo' 
Bieiliefl  was  conferred  ujwn  Joseph  Bonaparte  by  his  brother  Ni 
loon.  This  was  a  simple  operation  iu  so  far  as  the  main 
dominions  were  oonccmed  ;  but  Sicily,  being  an  island,  and 
tected  by  the  British  fleet,  was  beyond  Napoleon's  reach,  and  t 
passed  out  of  the  hands  of  the  Neapolitan  Bourbons.  Joseph,  \ 
jiresented  to  the  throne  of  Spain,  was  succeeded  by  Joachim  M 
Niipolcou'e  brother-in-law,  and  at  the  time  that  onr  story  opens  M 
was  de  faeto  King  of  Naples.  To  thnt kingdom  he  hud  recently 
the  States  of  the  Charcb.  He  was  in  military  occupation  of 
Grand  Duchy  of  Tuscany.  His  brotlier-in-law,  Priuco  Bnrgb 
not  a  warlike  or  an  ambitious  person — was  in  occupation  of  Piedm 
the  King  of  Sardinia  haTing  retired  to  the  island  from  which  he 
his  title.  Sardinia  was  at  this  epoch,  all  that  remaiuod  to 
present  Boyal  House  of  Italy.  It  is  obvious  that  this  is  the  lid 
homogeneous  dominion  actually  and  potentially  (for  there 
have  been  no  difficulty  about  Lucca,  Parma  and  Mmlena)  ever  ca 
out  in  Italy  since  the  fall  of  the  Roman  Empire  nntil  tbe  year  If 

Mnrat  proposed  to  make  this  a  permanent  settlement :  Icai 
Ferdinand  of  Bourbon  iu  Sicily,  the  House  nf  Savoy  in  Barti 
England  in  Corsica,  and  Austria  in  her  dominions  of  Northern  II 
England  ond  Aastria  assented  to  tLis  plan  ;  and  before  we 


on  "Marked  Unexplored." 


^■coDsidcr  how  ft  scheme  so  poworfullj  supported  was  not  carried  oat, 

^■ire  must  first  ask  why  I^nglaud  luid  Austria  (noitber  power  yioMiag 

^■to  the  otlicr  in  hatred  of  Nnpolcou  and  hia  family)  cume  ta  sauctioQ  it. 

^H        It  was  a  question  of  mililary  expodioncy.     On  the  38th  of  October, 

|Vl813,  the  Aliii^d  Armies  halted  on  the  rigbt  bauk  of  the  libino.     But 

they  durst  pursue  Napoleon  no  further;  and  waited  for  their  left 

wing  to  swing  round  and  tuko  Napidcon  iu  the  roar.     But  their  left 

wing  could  not  swing  roiiud.     Maishtil  Bellogiirdt>,  comiuaudiug  the 

Aastriau  army,  refused  to  move  a  niau  under  existing  circutnslauces. 

He  0{>cnly  stated  that  the  Allit'S  must  come  to  a  compromise.     Sorae- 

liow  or  other  Murat  must  bo  dt- tnchcd  from  Nap(dcou's  cause  in  order 

to  briwik  up  the  deadhick  in  Italy. 

»Tho  fourth  map.     The  deadlock  in  Ituly  was  cau?ed  in  this  way. 
Kngone  Boauharnais'  army  of  40,000  men  jtractically  hiiW  in  check 
the  Attstriau  army  of  70,000,  boCBtise  Bcllegardo  was  cumjiellod  to 
detach  an  army  corps  to  watch    Murat,  who  in    liis  turn  could  do 
nothing  because  he  was  between  Bullegarde  and  Bonliuek.     If  Murat 
could   only   bo    won  over  to   the  cause   of  tlio  Allies,   they   would 
command  120,000  men  to  Beanliaruais'  40,000,  and    Franco  could 
eaaily   be   invade*!   by   way    of    tlie   Riviera.     Murat   d6serto<l    the 
^^Emperor,  and  threw  in  his  cause  with  the  Allies  ;  his  jtrice  being  his 
^fowu  definite  and  oflicial  recognition  as  King  of  Naples,  while  he  ou 
*^  his  piirt  consented  to  recognise  P'ordinand  as  King  of  Sicily. 

Murat's  conduct  lias  been   variously  described.     We  shall  see, 

Rresently,  what  Bontiuck  thought  of  it.  M.  Thiers  records  that 
fa|)uiouu  said  that  he  bad  made  a  great  mistake  in  making  Murat 
*  king,  as  ho  now  thought  only  of  his  own  kingdom  and  France 
oamo  second.  Murat  liimsclf  stated  that  ho  was  now  an  Italian, 
mad  thonglit  only  uf  the  interest  of  Italy.  The  Austriaus  thought 
that  Murat  meant  to  make  the  most  for  himself  oat  of  the  situation, 
that  his  defection  might  be  useful  to  them,  and  that,  further,  Murat 
bad  excellent  grounds  for  diseatisfuctiun  with  his  brother-in-law's 
inti'iferiug  and  im{)erious  behaviour. 

Be  that  as  it  may,  Murat  ipittcd  the  Grand  Army  after  a  violent 
quarrel  with  the  Emperor, and  betook  himself  to  Italy  with  the  object 
of  unifying  it  iu  the  manner  I  havo  briefly  bkctcbed. 

At  this  time  Lord  William  Beutiuck  was  Commander-in-Chief  and 

» Ambassador  I*Ixtraordinary  in  Sicily.  lie  commanded  about  ^0,000 
men.  Bellogarde  was  the  Austrian  Commandcr-iu-Chief,  Count  Mior 
waa  the  Austrian  Charge  d' Affaires,  and  Count  Neipperg  was  the 
Austrian  Ambassador  Extraordinary  charged  with  the  execution  of 
the  Treaty  of  Alliance  and  Ucooguition.  Lord  William  Bontiuck 
was  charged  with  the  same  duty  on  the  part  of  Euglaud. 

Lord  William  Bentiuck  received  his  instructions  early  in  January 
1814    from    Lord  Castlereagh.     Tliis   is   the   temper  in  which  he 
Bivod  them.     "  I  was  always  afraid   that  Count  Neipperg  would 
orerroacbod   by  that   Italian  court"    (meaning  Naples).     "The 
Duditions  of  this  treaty  are  altogether  impolitic,  inexpedient  and 


unnecessary.  Ui)on  Mnrnt  no  reliance  can  ever  lx>  placed.  Bnl  1 
treaty  creates  not  only  a  rivnl  bnt  a  mastrr  perliaps  in  lUiIy  "  (whw 
JB  exactly  wlint  it  was  intended  to  du).  "When  the  Viwroj' 
(Eagone  HeanliamaiB)  •'  is  drivf^n  buck  to  the  AIpe  tlio  Italiaii§  wili 
certainly  gravitate  towards  Murat.  lint  if  tbo  Britisli  protection  «iiii 
assistanoo  had  happened  to  b«  within  their  reach,  tlmt  areat  fl»at<D| 
forco  would  certainly  have  ranged  under  tlieirstuudard.  Tliontit^ond 
energy  wouhi  then  have  been  rouwd,  liise  Spain  and  Gemian?,  in 
honour  of  national  independence,  and  tliis  gre«t  people,  iniite*d  ol 
being  the  instrament  of  the  ambitions  uf  one  military  tyrant  a 
another,  or,  as  formerly,  the  despicAblo  elaveg  ot  a  »ot  of  miscrabh 
petty  princes,  they  would  have  become  a  powerful  borrier  boil 
against  Austria  and  France,  and  the  peace  and  happinc«e  of  the  wnrM 
■would  receive  a  great  additional  security — bnt  1  fear  the  hoar  il 
gone  by.  It  is  himontablo  also  to  see  supcriur  rewaHs  sbovrot 
upon  a  man  whose  whole  life  ban  l>cen  crime"  (this  moans  Mur 
"  who  has  been  the  intimate  and  active  partner  of  all  Buunfm 
wickedness,  and  whose  last  act  of  treachery  to  his  benefactor  has  h 
the  resnU  of  noccssitv.  This  treaty  is  a  sad  violation  of  all  pal 
and  private  principle." 

I  am  sure  that  you  will  be  gratcfnl  to  me  when  I  say  that  thi 
the  only  one  of  Lord  William  Boutinck's  dospntchcB  that  1  shall  t 
t"  yon. 

1  apprehend  that  it  is  open  to  an  ambasFador  to  have  his  pti< 
opinion  on  his  instructions;  but  when  his  views  arc  of  this  viol 
character  there  are  only  two  courses  that  he  can  pursue  with  i 
respeivt  and  honesty  :  the  first  is,  do  n-hat  Benjamin  Keeno  did  wh*9i 
wng  directed  to  surrender  Gibraltar  to  Spain.  He  rent  hie  gaimi 
in  rage  and  roortifiratinn — and  then  did  what  ho  was  told.  TU 
Beoond  is  to  do  what  Gilbert  Elliot  did  when  he  waa  oHer^  to  «ttJ 
on  the  government  of  Corsica  under  impossible  condition*.  Hi 
asked  that  he  might  bs  replaced  immediately  ;  bnt  if  any  vain*  wM 
placed  upon  his  sorvices,  the  conditions  of  his  charge  must  be  allcnJ 
as  he  indicated.  Bentinck  took  neither  of  these  courses.  He  \u>i 
bis  instructions  to  defi^at  the  plans  of  the  Cabinet.  Thns  in  aendia| 
Mr.  Graham,  his  privnto  secretary,  to  Naples,  ostensibly  t«)  nga  thi 
treaty,  the  terms  of  which  had  been  already  settled  lH:tw«M'n  Kngluil 
and  Austria,  ho  directed  him  to  use  his  intimacy  with  the  Ni 
oourt,  in  order  to  obtain  a  paspport  to  the  Austrian  h 
Such  a  passport  was  courteously  granted  to  him,  of  course 
impression  ttiat  it  was  being  granted  to  a  man  who  wn^  at  war! 
the  treaty.  Not  at  all.  "  You  will  use  the  armistice  as  a  m 
getting  to  the  headquarters  and  informing  the  authorities  in 
that  I  am  about  to  occupy  Corsica  with  10,000  foot,  400  hot«< 
30  guns,"  and  to  concert  this  landing  with  them. 

In  due  course  the  King  of  Naples'  envoys,  Colonel  f 
A.D.C.  of  King  Jouchira,  and  Baron  d'Aspern  of  Coun 
suite,  arrived  at  Palermo  to  do  their  work,     lientiuck  "  iviiut^i 
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compromiBO   Limself  in   any  manuor."      "Kcfused   to   comproniiso 
himself,"  by  obeying  tho  ordors  of  his  sovereign. 

Mr.  Grabam,  ou  onr  side,  arrived  ut  Naples  on  tlie  5tL  of  Janoory, 
was  convoyed  iu  a,  royal  cairriago  to  tlio  Due  de  Gillu's,  where  he  met 
Count  Neipperg  nnd  Menz.  Tltcy  uftturally  snjiposcd  that  Gruhum 
bafi  cume  to  sign  the  treaty  riu  FJcntinck's  LcLalt';  but  when  it  wiia 
prc8eijt<.d  to  bim,  Gruliani  ^aid  that  be  bml  no  iustructious.  The 
Anatrians  sttircd  at  bini,  and  mititruliy  wondoreil  wliut  in  tliat  case  lie 
had  Come  to  Naples  for.     Tliby  did  not  6nspo<:t  Bontiiiek's  perfidy. 

After  a  few  days  of  dining  and  feting,  Mr.  Graham  bad  another 
interview  with  Count  Neijperg.  Count  Neipperg  wbh  completely 
bewildired  at  (iralmm's  attitude.  The  qucetiuii,  he  said,  had  been 
settled  by  Lord  Aboidcou  and  Prince  Jlettcrnicb,  noting  under  the 
onb TB  of  their  eoveioigns,  and  ueilber  he  nor  Lord  W  illiam  Beutinck, 
still  loss  Mr.  Groliam,  could  pretend  to  any  diseretion  iu  the  mutttr. 
They  were  merely  agents.  Graimm  was  a,  biynl  private  eecrotary,  and 
struggled  bard  iu  an  inrpossihlo  situation.  At  length  be  droj<])i'd  a 
word  iu  favour  of  King  IVrdiiiinid,  inid  Neipperg  HaBbcd  out  at  him, 
"It  wos  absurd,"  be  said, "  that  a  iiHeiiss  monarvb  sboubl  stand  in  tho 
Tray   of  the  pea<;e  of  Europ«:i ;  and  Austria,"  ho  went  on,  was  quito 

H    prepared  to  iorce  Ferdinand  to  renoonce  Kaples  if  bo  did  not  do  bo 

H  of  free  will. 

^L       "  A  u-^elcs8  monarch  "  is  a  remarkable  expression  when  applii-d 

^W  •  IVturbon  isovcroign  married  to  an  Auritrinn  arr.LduuhcHH,  and 
ap]di(d,  too,  by  the  ambasgadnr  of  the  Austrian  Emperor.  1  think 
it  eJiowB  bow  determined  Austria  was  to  establish  the  throne  of 
Murat.  For  the  rest  the  epithet  is  entirely  in  place.  Never  wos 
there  a  more  useless  monarch  than  Ferdinand  of  Naples. 

INeijtperg  summoned  up  tliu  resolve  of  his  court  in  those  words: 
"Wherever  we  can  find  a  sobiier  to  oppose  to  tho  French  armies,  wo 
Bl.all   buy  him  at  any  coKt,"  and  "King  Juaebim  must  now  huvu  • 
bi'tli.T  military  frontier."     That  is  a  well-known  di|>Iomatic  phrase, 
and,  of  course,  implied  a  largo  addition   to  his  territory.     Tbu8  the 
ixitoiitions  of   Austria   were   manifest.     Mumt,  on   his   side,  by   thu 
month  of  the  Duke  of  Campochiaro,  stated  jtlainty  that  his  dctir- 
niinntion  was  to  be  the   leader  of  United   Italy;  tbtil  in  that  cunso 
ho  had  no  desire  for  any  ally  except  Eugbind  :  with  himself  on  land 
and  England  iu  alliattco  at  sea,  be  said,  United  Italy  was  a  certainty. 
Ho  was  so  Well  aware,  bo  added,  of  the  bopi-lessness  of  ever  rivalling 
^  Kngland   at  sea,  that   ho  was  rctnly  to  hand  over  uU  his  ships    to 
H  Kngland  at  ouco.     bo  near  as  this  was  Ititly  to  being  unitied  in  tho 
■  year  1><14. 

Giahain,  on  his  part,  would  say  nothing  definite,  listened  to 
everyone,  re|)ort«d  to  ISt^itiuek,  and  even  went  so  far  in  dtKsimnlatiou 
■8  l<>  arrange  an  imngitiary  cam[Miigii,  with  King  Jimchiin  connuand- 
ing  the  centre  of  the  Allied  Army,  and  having  Huilegarde  on  bis  right 
wiug  and  Uuntiuek  i<u  his  left.  8o  loyal  wits  l.e  iu  a  disloyal  cauBo. 
^Ud    then   extracted    the   passport  for   the  Neapolitan    Ministry  for 
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Foreign  Affairs,  and  mule  his  way  to  GoneTa,  tlio  hoft<1<)narteni 
the  Allies,  ostensibly  1 1  forward  tlie  plans  of  Mttmt,  really  to  lb 
thcin.    Thus  Bcntinck  liad  managed  to  waste  a  fortuii<ht,  and  En<;Ii 
was  still  unpledged. 

On  tho  7th  of  Ja-iuary.   1814,  the  treaty  b«t«reeD  Aastna  i 
Naples  waH  signed  by  tho  Duko  of  Gallo  fur  King  Joachim  and 
Adam,  Count  Noipjwrg,  fi)r  the  Emperor.     Tho  stcrot  article*  boi 
Austria  to  obtain  the  reocgnition  of  King  Joachim  by  Englaod,  ( 
to   cnnipcl    King    Ferlinand    of   Sicily  (by   force    if  noccssary) 
acknowledge  that  Naples  had  passed  away  from  him  for  ever.     T 
uozt  day  Count  Neipperg  wrote  to  Bontinck  and  remonstrated  at 
delay.     He  urged  all  the  arguments  that  heoould  think  of  (andwl 
ft  strange  notion  of   Knglish  discipline  he  must  have  formed  wLin 
found  that  ho  had   to   coax   n    liouteiiaut-geoeral    into    obeying 
sovereign's  orders),  and   wound    up    by  reminding  Bcntinck   of  i 
very  serious  nature  of  tho  European  cris's.     If  it  tamed  out  Lad! 
ho  urged,    the    world    would    hold    Neipperg  and    Bcntinck  to 
responsible. 

Three  wooks  later,  on  the  30th  of  January,  Bcntinck  gai 
signs  of  life.     He  wrote  a  despatch  to  Castloreagh,  complaini] 
out  the  slightest  groimds,  so  far  as  I  have  been  able  to  discoTi 
"  apparent  want  of  good  faith  "  on  the  part  of  Austria  ;  and 
"  I  am  aware  that  Murat  wishes  to  make  overy  possible  pai 
demonstration  of  a  good   understanding  with  Great  Untain,  as 
most  effectual  moans  of  quieting  the  discontent  existing  both  among 
Bubjocts  and  his  army."    Noto  the  discourteous  expression  '*  Muni 
instead  of  the  "  King   of   Naples."     This   ie   only  an   6sagg< 
instance  of  Bentinok's  habitual  attitude  towards   those  wi^ 
ho  was  dealing.     You  wonld  gather  from  his  letters  that  he 
only  honest   man   in    Italy.     "Jn    point  of  fair  dealing,  I 
Prince  Metternich  and  King  Murat  to  be  nearly  on  a  loveL" 

Having  pushed  shocr  inertia  so  far  as  it  was  possible  to  pmb 
withont  running  the  risk  of  being  recalled,  Bentinck  now  p; 
in  a  leisurely  way  to  take  action ;  with  how  much  intention  tbat 
should  be  effective  wo  may  suppose  when  ho  writes,  "  I  feel  co: 
able  embarrassment  in  what  manner  I  should  act"  Con&i< 
cnibarrnssmont  I  With  his  instructions  on  the  table  in  front  of  him 
lie  bogan  by  saying  that  ho  could  not  possibly  go  to  Naples  excepi 
iitfognUo.  What  an  extraordinary  condition  for  an  ambaMador  io 
mako ;  an<l  added  that  ho  could  not  set  foot  in  Naples  natil  he  m 
definitely  assured  on  that  point,  as  he  was  in  the  embanaaaing  ntoi- 
tton  of  being  tho  ambassador  of  a  government  that  eo  far  bad  aot 
recognised  tho  King  of  Naples.  When  tho  whole  point  of 
instructions  was  to  recognise  him,  and  that  immediately  ! 

What  adds  a  touch  of  grim  humour  to  the  situation,  is 
hubit  of  writing  officially  of  his  " straightforwanlncss,"  his  "Ml 
noss,"  on  ouo  occasion  of  his  "  known  frankness." 

At  last,  on  tho  6th  of  February,  this  man  of  known  fi 


1838] 


on  "Marked  Uuexplored." 


669 


I 


I 


I 


Dinde  his  way  to  Naples  and  wroto  to  Lord  Costloroagli  tliat  the  Duo 
do  Gallo  aud  Couul  Neifiperg  wero  most  prcflsiug  for  him  to  K)gti> 
but  tbut  be  would  not,  because  nu  reliance  was  to  be  plucod  upon 
Murat.  However,  bo  went  bu  far  as  to  Hign  nn  armistice,  wliich  wus 
all  the  Allies  cuuld  get  out  of  him.  lie  then  returned  to  Paleroio, 
aud  took  up  tlio  routlno  of  administration  there,  leaving  the  Anstriaus 
and  Nenpolitiins  gazing  at  each  utlier  in  mute  amazemeDt  ut  fimliiig 
BO  irresponsible  a  person  in  bo  rcBpnusiblo  a  situntion. 

In  I'alermo  bo  found  a  despatch  frr>m  Lord  Castlercagh,  directing 
bim  to  inform  the  Crown  Prince  that  it  wiis  out  of  tho  qucatiou  for 
the  Koyal  faniilj'  of  Sicily  to  hope  any  more  for  the  resturation  of 
Maples,  but  tliat  Great  Britain  would  boo  that  they  wore  properly 
corapeDSiited.  'J'he  Crown  Prince  was  invited  to  choose,  in  order  of 
prefonnco,  whatever  addition  to  Sieiiy  he  wotild  like  inetcud  of 
XapleSr  He  might  choose  from  this  list,  IVdund,  Lotiibardy,  Saxony, 
Sardinia,  Corsica,  the  Ionian  Island*,  or  (oddly  enough)  tho  Wont 
Indian  Islands.  J  bus  the  iuteutiuns  of  England  were  no  leas  plain 
than  those  of  Anstria. 

Rcntinck  seems  by  this  time  to  bavo  filt  that  something  more  was 
fipectod  of  him  than  writing  doelamalory  (Wputehes,  abusing  alike 
Uio  cabinet  of  tho  Prince  KoL'ent,  tho  Austriana  and  the  French, 
So  ho  made  a  great  display  of  zenl  and  energy,  resulting  (as  such 
displays  mostly  du)  in  uotliiiig.  IIo  sailed  from  Pulci'mo  on  tho 
28ib  of  February,  reached  Njiples  on  the  2nd  of  Marcli  and  made  his 
way  by  land  to  Leghorn,  which  place  bo  rcai-hed  on  tho  8tli.  Hero 
Filangieri,  a  meBsciigor  from  King  Joachim,  reaijhed  bim,  but  he 
would  not  compromise  bimsetf,  hurried  on  to  Roggio,  which  ho 
tvachod  on  tho  15th,  and  ultimately  made  bis  way  to  Yorona  by  tho 
22nd.  Let  me  remind  you  that  this  is  just  throe  months  after  orders 
for  the  immctliate  Conclusion  of  the  treaty  with  Murut  had  been 
iosaod.  On  the  road  he  favoured  tho  cabinet  with  some  comments 
on  tlioir  policy.  "All  parties,"  ho  wrote, "  agree  in  one  view,  viz.  that 
of  anginenting  as  much  as  possible  Murat's  power,  and  of  uniting 
Italy  under  his  standard."  "  A  stand  should  bo  ma<lo  at  once 
against  these  views  of  ambition."  Verona  was  the  Anstrian  head- 
qiiartora.  Here  Bontinck  mot  Bellogardo,  and,  after  his  usual  fashion, 
made  a  violent  attack  apon  bis  probity.  "  I  found  tho  Marshal 
anxiona  to  believe  to  bo  true  that  which  lie  know  to  be  false."  l>ut 
Bcllogarde  would  not  bo  bullied,  and  he  civilly,  but  c[uitc  firmly, 
reminded  Bcntinck  of  iiis  government's  instructions  to  keep  on  good 
temu  with  Murat.  To  be  lectured  was  more  thau  Bentiuck  coidd 
stand  from  anylxxly,  so  be  broke  up  tho  council  of  war  that  ho  bod 
called,  and  betook  himself  to  Bcdogna  in  a  huff.  Here  he  drew  up 
instructions  to  Sir  Robert  Wilsou  to  proceed  at  once  to  the  beail- 
quartc^rs  of  the  King  of  Naples  and  p7osoDt  bis  ultimatum.  And 
here  I  must  ask  you  to  consider  once  more  that  Btutinok  was  not 
empowered  to  make  an  ultimatum  at  all ;  his  iDstructions  wore  not 
to  aook  a  tpiarrol,  but  to  cement  a  peace.     Tho  particular  point  that 
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ho  choBO  to  Join  issne  over  was  the  occupatioD  of  Tuscany.     Mu 
was  ia  posBCBsion ;  Bentinck  said  tliat  Murat  oaglit  to  withdraw  hif ' 
Briiiy  and  bund  over  the  country  to  En^tland.     Bellegarde  said  tbat, 
UB  n  middlo  course,  tho  bret  tiling  to  do  would  be  to  sumuion  iha 
destined    occupant    of   the    Tuscan    throne — tho    Grand    Dake 
Wurzburg — so  that  neither  English  nor  Tseapolitaus  should  oocnpj 
tlio  country. 

JSlumt  ofTcrcd  to  cshure  Tuscany  with  Bontiuck,  or  to  allow  iiital 
to  occupy  Yia  Reggio  and  Lucca  (lenou  and  Pisa,  thaa  iMJiumiuidingj 
nil  tho  military  roads,  or  (if  Bentiuck  wonl  1  sign  tho  trealy)  lol 
ovacnato  Tuscany  altogether.  A  more  conciliatory  tcuijior  it  «u<il4J 
Lcj  impossible  t<>  rhow. 

Tlio  utler  futility  of  tho  whole  sqnabblo  is  not  rcftliaod 
vre  keep  clearly  iu  our  minds  that  the  object  of  tbe  nllinQce  iras  fit 
biitli  nniiicR  to  g<;t  oat  of  Tui>cany  as  soon  as  possible  and  crow  tb«il 
frontier  inti>  Fninco.  But  Boiitinck  only  wanted  to  pick  a  qiiarrel, 
Hud  he  did  it  this  time  most  cSe<!tiial]y.  1  wish  that  I  coabi  read 
you  bis  iustructious  to  Sir  Robert  Wilson.  They  Mould  sliow,  bctlar 
than  any  words  uf  mine  could  d<>,  that  be  intended  tho  nogotiatoo  to 
fail.  I  will  quote,  however,  t»o  or  tlirco  senteocos  of  liis  went 
instructions  U)  Wilson.  "  1  will  not  hear  of  any  iutcrfortnce."j 
Intoiferenoo !  between  allies  in  a  common  cause.  "An  iuinteduita| 
decision  must  be  tho  gtne  qua  nun  of  my  rcuiaiuing  with  the  lirilu 
expedition."  This,  uflor  three  months'  delay  fur  which  he  alone  ' 
rospmisiblo  t 

With  these  instrnctions,  Sir  Robert  Wilson  interriewed  the  Da 
de  {jallo,  tbe  Foreign  Minister  of  Nuplep.     Gallo   made  tbe 
that   I  bare  already  mentioned,  and   then  iuti'oduce<l    Wilson  to 
^irivntc  aiidienco  with  the  King.     In  the  midst  of  the  interview  Gallol 
entered  with — 1  wmb  going  to  s-ny  -a  letter,  but  a  eommnnicntinsj 
from  Li>rd  William  Bentiuck  to  the  King.     It  was  written  in  Iba 
third  person,  severely  lecturing  the  King,  and  couched  iu  tiio  iih« 
arrogant  language.     The  King  read  it  silently  until  he  cume  tu  lU 
word   "disloyal,"  when  ho  laid  the   letter  dnwn,  stared  at   Wilsoo 
re|>cftting  tho  word,  and  then  taking  tho  btter  up  read  it  thMUgli  toi 
the  end,  read  it  rt  second  time,  handed  it  silently  to  U alio,  oad  signified 
thnt  the  audience  was  at  an  end. 

The  next  day  the   Due  do  Gallo  sent  a  lino   to  Lord  Willian  | 
Boiitinek,  simply  informing  him  thiit  his  language  and  bearing  ••• 
not  in  necordanco  with  Lortl  Castlorcagb's  instructions,  and  drrliniii|{| 
to  hubl  «ny  further  cunimunicatious  with  him.      For  the  fntorr,  tli«  | 
Duke  said,  the  Neapolitan  court  would  communicuto  direct  with  thw  | 
British  cabinet.     On  tho  2nd  of  April,  Bentinck  reported  the  intff* 
view  to  Lord  Castlercagh,  adding  "  J  hare  resolvotl  to  be  uo  patty  to 
Q  system  of  weak  and  timid  policy,  which,  in  my  judgment,  proniioJ 
no  material  present  advantage,  and  certainly  none  to  cunnterliaUiKS 
thcdnngeroiiseflectB  of  Mural's  power  and  ambition."     And  Bcotiock 
was  drawing  pay  to  tho  amount  of  14,000/.  n  yv%t  for  ths  tsfttm  ^ 
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piirpofio  of  carrying  ont  that  pulicy.     That  dooa  not  striko  one  as 
being  eouspicuoiisly  straightforward  or  honourable  conduct. 

"  The  uogotiations  having  failed,"  he  wouud  up,  "  1  return  to-day  ' 
to  Legliom."     I  think  it  would  have  been  more  iu  accordanco  with 
Boiitinok's  "  known  franknese,"  if  lie  had  written  "  in  spite  of  every 
poesiblo  oonceEsiun  on  the  jwrt  of  the  AustiiauB  and  the  court  of 
Naples,  I  have  contrived  to  make  the  nogotiatious  fail.'' 

He  betook  himself  to  Palermo.  Rftthcrol  up  his  forces,  dospatclied 
•  small  expoditiou  undor  Colonel  Montresor  to  reduce  Corsico,  landed 
on  the  Riviera  on  his  own  account,  and  ou  the  18th  of  April,  Genoa 
Burrendered  to  the  British  army. 

If  forgiveness  ho  a  kingly  virtue,  there  liavo  been  few  monarcha 
of  more  truly  royal  natnro  than  Jonchim  iVInrat,  King  of  Naph  s. 

Ik^ntiuck  had  been  Murat's  evil  goniit>j  from  first  to  last.  Ho  had 
thwarted  his  grand  design  of  unifying  Italy,  and  comltsccndcHl  oveti 
to  such  petty  impertinences  as  wearing  the  violot  coikiide  of  tbo 
KeajKditan  Bourbons  in  Murat's  prcsnco,  and  pniictiliouBly  calling 
him  Miinsoigneur  instead  of  Siro  or  your  Miijesty.  iJowdid  Munit 
revenge  Liruself?  Five  days  after  tho  crti>luro  of  Genoa,  iMurat 
wrote  to  LSentiuek  cougratulating  him  on  bis  success.  Ho  could 
never,  ho  faid,  forget  tho  wounding  expression  that  Bentiuck  had 
permitted  himself  to  use  towards  himself  as  King,  but  as  one  sohlier 
to  another  he  begged  Bcntinck's  acceptance  of  a  Bword,  in  com- 
incmoration  of  the  capture  of  Ginoa.  As  there  was  not  time  to  have 
one  of  suitable  magnificence  prepared,  ho  begged  Bentinck's  accept- 
ance of  his  own.  The  sword  of  Murat,  the  greatest  cavalry  Icailer 
that  ever  lived,  was  a  present  that  monurchs  miglit  have  coveted,  a 
most  griicions  gift,  most  graciously  bestowed.  Hi>w  did  Bentinck 
receive  it  ?  I  think  there  is  no  donbt  that  if  he  had  not  been  ronndly 
rebnked  by  Lord  Custlercagh  for  his  misbehaviour,  ho  would  have 
declined  it     This  is  what  ho  wrote  home : 

"It  ie  a  severe  violence  to  my  feelings  to  incur  any  degree  of 
obligation  U>  an  individual  whom  I  so  entirely  despiec.  But  having 
hitherti>  adopted,  according  to  tho  best  of  my  humhlo  jitdgiiieut,  a 
lino  of  conduct  towards  that  personage  which  your  lordsliip  line  not 
approved,  I  feel  it  to  bo  my  duty  not  to  betray  any  appearance  of  a 
spirit  of  animosity  which  can  do  no  good,  and  iray  perhaps  bo  inter- 
preted by  so  suspicious  a  mind  to  higher  authority/'  Susjficious  is 
the  lost  thing  that  Murat  was ;  and  an  to  "  higher  authority,"  Ben- 
tinck need  not  have  been  alarmed  :  nobody  gtijiposed  that  thcro  were 
two  men  in  England  so  rude  as  Jjord  William  Bentinck. 

He  concluded  his  despatch  by  hoping  that  tho  Friuco  Regent 
would  allow  him  t4)  present  liini  with  Blurat's  sword  as  a  curiosity, 

I  have  said  hard  things  of  Lord  William  Bentinck.  What  did 
the  Anstrians  say  of  him  V 

Bcllcgarde  looked  on  htm  as  a  kind  of  lunatic,  hurrying  up  and 
d<iwn  Italy,  for  over  ai'tivu  and  never  achieving  anything.  Count 
Mior  said  tho  most  damaging  thing  ever  said  of  him,  damaging  in 
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its  Eelf-restraint.  Ho  said  tLat  he  did  not  8«e  bow  England  con 
expect  Italy  to  be  pacifieil,  unless  she  wonid  send  out  a  maa  vl 
would  pay  some  attention  to  his  iustructious.  But  it  is  not  so  mno 
with  Bentiuck's  personality  that  I  would  occupy  you,  as  with 
policy.  Now  the  keynote  of  Beutinck's  policy  was  implacable  ho 
tility  to  Mnrnt  beeauBC  he  wus  an  adventurer,  and  unfaltering  support 
of  tlio  Buurboa  i'erdiimnd  becaueo  he  was  a  legitimate  monarch. 
And  yet,  when  Murat  had  fallen  nud  Ferdinand  was  once  more  en- 
thruned  at  Naples,  F(r«liiiand  was  not  grateful  for  a  rei^toration  which 
wus  nlniost  cutiicly  Bentinck's  work.  On  the  contrary,  when  Ben- 
linck  proposed  tu  winter  at  Naples,  Ferdinand  conveyed  to  him  a 
strong  hint  that  be  would  do  bctler  to  stop  away.  When  — Bcutinek- 
like — lie  braved  the  hint,  the  King  sent  him  his  iiassports.  Wbea. 
Bcntinck  hesitated  to  uso  them,  the  King  intimated  that  he  ttroalt 
have  him  arrested  and  turned  out  of  Naples  by  armed  force, 
that  is  not  consistent,  not  natural.  What  explanation  docs 
historian  give  of  so  contradictory  a  state  of  things?  The 
exhuustive  historian  iif  this  period  is  an  Austrian,  who  ualarallj 
takes  tlio  harshest  view  of  Loid  William  Bentiiick  because  he  hullie 
Maria  Cundine,  of  Sicily,  who  was  an  Austrian  archduchess  by  birth. 
He  says  that  if  Bentinck's  conduct  at  this  epoch  has  tho  inoonse- 
c]ueuco  of  a  lunatic's  action,  it  is  because  all  turns  ufion  some  secret 
spring  of  action.  "  Bentinek,"  he  Kays,  "  wanted  Sicily  for  himself. 
See  liow  that  explains  everjthing.  It  explains  that  mysterious  cUom 
in  (ho  Sicilian  constitution  by  which  the  completa  Be])arati(in  i>f 
Naples  from  Sicily  was  decreed.  With  this  in  his  mind,  Bcntinck 
naturully  did  not  want  to  leave  Murat  in  Naples,  Ixcanse  that  would 
have  oiilailcd  tho  necessity  of  leaving  Ferdinand  in  Sicily,  where 
Bentinek  wanted  tu  rule  himself.  Nothing  less  than  so  grtat  an 
ambition  could  have  caused  even  Benticck  to  deliborately  violate  hit 
instructions  for  not  merely  a  week  or  so,  but  for  four  months.  Finally, 
it  explains  Ferdinand's  hatred  for  his  benefactor."  It  does,  and, 
most  satisfactorily — if  wo  could  only  bring  oursolvea  to  believe  %a] 
thing  so  outrageously  incredible. 

At  the  time  when  this  conjecture  was  published,  it  cnuld  hft^ 
been  no  more  than  a  conjecture  ;  for  the  papers  disclosing  the  i 
state  of  affairs  were  not  accessible  to  the  public. 

My  compliments  to  the  Austrian  for  his  insight.  Fur,  ladies  i 
gentlemen,  I  present  you  with  tho  astounding  oouclasiou.  that 
outrugcously  incredible  is  nothing  less  on  this  oc4»aioD  than 
truth.  To  annex  Sicily  to  England  and  rule  the  Island  himaelf  h 
Viceroy  is  precisely  what  Lord  William  Bentinek  was  oimiog  at. 
That,  and  not  pious  wrath,  was  the  secret  of  his  hatred  of  Mont; 
that,  and  not  attachment  to  the  cause  of  a  legitimate  sovormgo, 
tho  reason  for  his  championing  the  cause  of  Ferdiuau<L 

On  tho  5tb  of  May,  1814,  ho  received  from  Lonl  Castlamagh 
explicit  command  to  oflicially  disavow  to  tho  Crown  Priuoc  uf  Sic 
any  such  plan  either  of  his  own  or  of  the  British  GoTenuDttol 
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acknowledging  the  receipt  of  his  ordere  he  ponrod  out  his  nsual 
volume  of  abuse  of  eyerybody  coucorned.  lu  partial  jnHtification  of 
himself,  but  yet  with  a  fine  iuconsistoncy,  ho  wrote,  "  Hated  thoiigli 
Murat  is,  ho  is  not  so  detested  as  the  old  King."  "  Badly  as  I  thiuk 
of  the  Crown  Priuce,  I  cannot  believe  that  ho  haK  broken  my  con- 
fidence." '■  Still  worse  as  I  think  of  the  King,  I  can  hardly  believe  it 
even  of  him."  In  receiving  Bentinck's  official  disclaimer  the  Cruwn 
Prinoo  wrote  that  ho  had  never  brcalhcd  a  wonl  ou  the  subject  to 
any  one,  and  that  he  had  severely  scoklod  Prince  Casteleieala. 

Prince  Casteleieala,  the  Neapolitan  aiiibassadiir,  whose  romantic 
and  resounding  name  accords  snmewhat  oddlv  with  the  high  respect- 
ability of  Great  Cumberland  Place,  where  his  Embassy  was,  had 
demanded  Bentinck's  immediate  recall  as  the  only  satisfactory  protest 
against  his  iniquitnus  ])hin  of  buying  half  the  kingdom  to  svhioh  ho 
was  accredited.  In  this  coil  it  is  evident  that  some  ono  is  telling  the 
thing  which  is  not.  The  person  who  was  saying  the  thing  that  is  not 
would  appear  to  have  been  the  Crown  Prince  of  Sicily.  The  facts  are 
as  follows. 

On  the  3rd  of  Deceml>er,  1813,  about  a  month  before  our  story 
opens,  Lord  Williaiti  Oentiuck  had  written  tu  the  Crown  Prince  and 
laid  before  him  the  plan  of  surrendering  Sicily  to  England.  Sicily, 
he  nToto,  had  never  paid  Naples  ;  the  iuluud  could  not  rule  itself,  and 
wonid  not  consent  to  bo  ruled  by  Naples.  England  was  the  only 
power  wlio  could  manage  the  govcruniint  of  Sicily.  As  to  compeii- 
■ation,  why,  money  was  no  object  Or,  if  territory  was  preferred, 
perhaps  King  Ferdinand  would  like  the  States  of  the  Church. 
England  could  have  no  objection  to  his  taking  them.  Perhaps  not : 
but  Ferdinand  might  have  snine  objection  to  accepting  them.  All 
serious  adjectives  are  out  of  place  when  applied  to  that  inootiipurablo 
fribble ;  but  the  leai>t  flighty  part  of  his  character  was,  perha^M,  hia 
attachment  to  the  Church.  So  thiit,  apart  from  the  unprincipled 
nature  of  the  commuutcation,  I  ktiow  not  which  to  marvel  at  most,  the 
brutality  of  offering  to  place  the  King  of  Sicily  on  the  Pension  List 
of  the  Treasury,  or  the  ineptitude  of  proposing  to  dower  an  ardent 
Catholic  with  the  pluudur  of  the  Floly  See.  The  Crown  Prince  re- 
plied guardedly,  and  nmdo  some  allusions  to  Bentinck's  instructions. 
"Instructions?"  Bentitick  rejoined,  "ho  had  none:"  the  Crown 
Prince  mnst  not  give  the  projioBnl  a  second  thought.  It  was  only 
"the  [diantasm  of  his  own  disordered  brain,"  a  "sogno  filosofico,"  a 
"oastlo  in  Spain,"  "  le  reve  d'un  voyageur." 

From  the  way  the  correspondence  runs  it  appears  to  mo  plain  that 
the  Crown  Prince  did  not  believe  Bentiuck  when  he  said  that  he  had 
no  instractions  and  was  acting  on  his  own  initiative.  He  gave  the 
question  a  week's  thought,  and  then  transmitted  copies  of  the  corre- 
ipondcnco  to  Casteleieala ;  who  acted  as  we  have  seen,  adding  dry 
corumeuts.  In  the  utipnralleled  circumstances,  he  said,  of  an  ambas- 
sador pro]H>siDg  to  buy  the  country  to  which  ho  was  accredited,  and 
doing  so  without  his  sovereign's  instructions,  it  was  not  sufficient  fur 
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him  to  say  that  the  idea  was  only  a  philosophic  dream.  If  Lord 
William  l^ntinck,  he  added,  is  subject  to  droams  of  thin  kiud  he  is 
not  a  fit  pci-son  to  b6  accredited  to  my  master's  court.  His  demand 
for  Dentinck's  i-ecall  was  not  aocoiled  to  ;  but  Beutinck  soon  after  re- 
fii^uod  his  post,  and  so  paasos  from  our  history,  where  he  figures  u 
Mnrat's  evil  geuiiis.  In  that  capacity  he  was  succeeded  by  Lonis 
Philippe,  who  was  even  now  hastening  to  Paris,  and  whom  we  mnat 
follow  in  his  etlbrts  to  overthrow  the  lost  Bonaparte  throne  UA  is 
Europe. 

For  wo  have  now  arrived  at  June  181i  ;  the  Einporor  is  installed 
at  Elba,  and  Louis  XVIII.  is  on  the  tliroue  of  France.  The  fiwt 
rumours  of  the  Congress  nf  Vienna  are  in  the  iiir,  and  the  watch w( 
of  that  Congress  are  to  be  Legitimacy  and  Restoratidn.  Hence  tha 
treinely  awkward  position  of  the  Allied  Powers  with  regard  to  Munt, 
who  certainly  was  not  a  legitimate  numarch  in  this  sense,  and  at  w 
gates  there  resided  a  legitimate  mnnarch  in  the  person  of  Fenli: 
of  Sicily,  who  claimed  to  be  also  Feidinand  of  Naples.  Ncverthi 
the  Rjoi^t  ardent  eliaiiipiun  of  legitimacy,  the  Emperor  of  Austria,  h*d 
in  fact  I'ecoguisud  Murat,  and  had  undertaken  to  engage  England  to 
recognise  him  also.  These  promises  had  boon  made  under  the  strcaa 
of  military  exigencies,  as  I  have  endeavoured  to  make  plain.  Bat 
Austria  was  loyal  to  them  ;  and  it  seemed  that  Murat  was  to  bo  madtf 
the  solitary  excopti()n  to  the  nile  "  Legitimacy  and  Restorution,"  and 
that  one  Boniiparte  kingdom  would  survive  the  general  wreck,  Thni 
all  tlmt  lientinek  had  achieved  by  his  perfidy  and  disobedience 
piistpona  the  fnlHhtieut  of  Murat's  dream.  We  shall  see  this  i 
foUuw  Louis  Philipj)o  through  his  interviews  with  varioiu 
throughout  tho  year  1814.  

Liiuis  Philippe,  Duke  of  Orleans,  had  married,  under  the  protee* 
tion  of  British  ships  and  bayonets,  Maria  Amelia,  daughter  of  Mana 
Caroline,  Queen  of  Sicily,  and  Ferdinand  her  husband.  He  was  det- 
tiued  to  seek  tho  samo  protection  for  himself  and  his  affed  wife  iu 
QigLt  from  Franco  iu  IB'IS,  and  to  die,  as  he  hod  woddeil,  in  an  is) 
— exile,  and  under  the  British  flag.  He  now  betook  himself  to  Park 
order  to  do  the  best  he  cmild  for  his  father-in-law,  and  to  overturn,  if 
poEsiblo,  the  throne  of  Murat.  He  met  with  a  cold  reoe|>ti<m.  Ftr»t. 
the  Emperor  of  Austria:  ••  Tell  your  father-in-law  that  he  must  gits 
up  all  idea  of  returning  to  Naples.  It  is  out  of  the  qnestiou  for  hira 
to  think  of  it."  Tho  Emperur  of  Ilnssia  was  oven  more  tirm  :  *'  Tell 
yimr  father-in-law  that  peojdes  arc  no  longer  to  be  ruled  by  holding 
out  a.  baud  to  be  kissed.  Unless  he  can  make  up  his  mind  to  a  mlly 
liberal  and  constitutional  form  of  government,  he  must  give  ap  all 
idea  of  regaining  tho  kingdom  of  Naples." 

Seeing  that  Ferdinand  was  at  this  moment  occupied  in  plnnder* 
ing  and  porseculing  every  upholder  of  the  constitution  who  had  ttol 
alreiuly  Hod  tho  country,  the  Emperor's  words  wore  not  nry  •■• 
couraging.  But  the  vanity  and  tenacity  of  Fonlinaud  in<ns  of  that 
colossal  stamp  that  almost  exalts  j>otty  failings  into  grc&toom.    Ob 
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hearing  of  the  Rnssian  Emperor's  advico,  he  said:  "The  Emperor 
knows  nothing  ahont  it.  My  return  is  longeil  fur  as  if  I  were  tho 
Messiah.  As  for  coDBtitiitioni',  why  ducBn't  the  Eiiipnror  grunt  one  to 
IkUfiitA,  since  he  is  so  ready  with  his  advice  to  tue?  " 

Bi-ave  words ;  but  words  brought  him  no  iieai  er  to  moving  Murat. 
Murat,  a  fiory  and  impulsive  man,  waa  playing  his  giimo  \vilh  groat 
skill.  Ho  merely  sat  steady  under  his  treaty  obligations,  and  ceiled 
npon  the  contracting  powirs  to  fill  theirs. 

Louis  Philippe  now  approached  Louis  XVIII.  Surely  his  kins- 
roan  tho  Kingof  Frane«  ivould  help  hitn.  IVrhaps  tho  son  of  Egalite 
Orlt*anB  wns  not  a  very  wokonio  figure  to  the  brother  of  Louis  XVL 
Anyhow  tho  King  of  Franco  received  hiui  with  reservo.  King 
Fenlinaad,  L©  said,  hud  all  his  sympathy,  and  ho  would  instruct 
M.  do  Talleyrand  to  urge  legitimacy  and  restoration  at  the  Congrosa 
of  V^ieuna  with  all  poHsiblo  force.  Ho  even  wont  bo  fur  as  to  say 
tiiat  he  would  never  recognise  Mnrat  himself.  There  was  an  aiiuising 
passage  of  arm«  between  tho  two  monarchs  at  about  this  period.  The 
official  gazettter,  when  it  appeared,  cotitniucd  — in  iw;cordauco  with 
this  resolve  of  Louis  XVIII. — thu  following  entry : 
Naples,  see  Sicily,  kingduin  of. 

Murat,  not  to  be  behindhand,  published  tho  official  gazetteer  of 
Naples  with  this  entry  : 

France,  see  Elba,  island  of. 

All  of  which  brave  doings  brought  Louis  Philippe  no  nearer  to 
tnminj:  Murat  olf  tho  throne  of  Naples. 

BaiHt'd  in  Paris,  1  e  now  tiinitid  to  London,  and  craved  from 
Louis  XVIII.  a  line  of  iiitnidintiim  to  tho  Piinco  Kegent,  "  No," 
■aid  the  King,  "  I  can  't  do  that ;  the  Prince  would  show  tho  letter  to 
his  minisftTS,  and  it  wuuld  beeomo  an  otbcial  docuiueiit,  but  you  may 
give  II. 11. II.  this  nussage.  Ask  him  if  he  romtjmlicrs  that  Knight  of 
the  Garter  whom  he  received  sitting."  This  was  all  tho  letter  of 
introduction  that  Louis  Philippe  brought  to  Loudon.  It  seems  to 
have  reference  to  some  incident  for  which  the  Prince  Regent  owed 
reparation,  for  he  received  the  Dako  graciously  enough.  But  ho  held 
out  no  more  hope  than  the  other  kings.  •'  Your  fathor-in-Iaw  has 
played  his  cards  badly."  "  Votrc  beau-p^re a  mal  mene  sa  barque,"  he 
said.  "{Jurengageinents  with  Murat  must  be  ninintaiued."  "England 
has  nn  engagements  with  Murat,"  e^aid  the  Duke.  But  the  Prince 
was  silent,  and  then  he  added,  "I  cau*t  think  wbat  tho  Allies  meant 
by  stuffing  Napoleon  into  the  Island  of  Elba,  just  outside  Mnrat's 
gates."  This  was  a  most  unpleasant  lino  for  the  Prince's  thoughts  to 
lake,  for  it  led  to  tho  conclusion  that  if  anotlicr  exile  were  firand  for 
Napoleon,  Murat  would  do  no  harm  where  he  was.  So  tho  Duke 
hastened  to  turn  the  conversation  :  "  I<et  your  Royal  Highness  put 
yourself  at  tho  head  of  tho  movement,"  he  said,  "  and  do  for  Naples 
what  you  have  already  done  for  France." 

On  this  appeal,  vague  and  grandiose,  the  Prinoo  Regent  shook 
hands  with  the  Duke,  and  rang  his  boll  for  Lord  Liverpool  and 
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Lord   Castlereagk,  wLo  were   in  attcndftnoo.      He  presented  tli( 
noblos  to  the  Duke,  and  referred  the  matter  to  them,  gUd  tu 
unpledged  from  bo  tenacious  a  nogutiator. 

Lord  Castlcreagh  hod  a  cold  ;  a  bad  cold  ;  a  very  bad  cold  ind 
Lord  Castlcreagh  was  deeply  grieved  at  being  uuaijlo  to  pay 
respc'cts  to  His  Royal  Higlinoss  tho  Dnc  d'Orleaos.     He  was  iU 
distressed  at  lieing  unable  even  to  rt>ceivc  His  Royal  Hiubnoa 
bed.     The  fact  was  that  Lord  Castloruagh  was  going  to  Vicuna 
the  Autnmu,  and  had  no  rnind   to  discuss  tho  situation   with  tb 
portiaacious  young  man.     Lord  Liverpool,  however,  was  not  goi 
to  Vienna,  and  was  not  of  an  auxioun  temper.     lie  had  a  long  inb 
view  with  tho  Due  d'Orleans,  and  took  the  best  stop  towards 
matters  clear  by  saying  at  once — 

Firstly,  that  Austria  is  bound  to  Murat ; 

Secondly,  that  England  and  Russia,  baring  had  notice  of  t 
treaty,  and  having  approved  of  it.  were  equally  bound,  and  that 
was  useless  for  the  Duke  to  deny  the  fact :  a  fact  it  remained ; 

But  thirdly  (and  I  think  this  mast  have  been  ironical),  TvuH 
and  Spain  remained  unpledged,  and  might  do  what  they  liktsd  tn 
matter. 

Tho  Duke  foncod  a  little,  but  Lord  Liverpool  drove  hisconclnsi 
home.  If  his  advice  were  asked,  he  said,  he  would  not  reconunoml 
ftlliftuce  of  two  Boui'bon  kings,  witli  tho  object  of  restoring  a  tluni 
that  ft  French  arm>-  entering  Italy  would  produce  a  very  bad  r 
prossion  ;  and  that  if  Louis  XVIII.  allied  himself  with  Ferdinaiid 
order  to  attack  Murat,  of  course  tho  feeling  of  England  towai 
Sicily  wimld  undergo  a  considerable  change.  There  was  a  marked 
menace  in  the  last  warning,  and  Louis  Philippe  shifted  his  gruniui 
again.  "  Confess,  my  Lord,"  he  said,"  that  you  hum  and  haw  bacanio 
you  arc  all  afraid  of  Murat."  Lord  Liverpool  laughed,  thoro  «nt 
something  in  that.  "  But  how  would  your  Royal  Highnoai  set  lo 
work  if  yon  wanted  to  get  rid  of  Mnrat "  ?  "I  would  sot  Lord 
^Villiam  Bcntinck  at  him,"  said  Louis  Philippe  boldly.  Wherait 
Lord  Liverpool  grow  very  grave :  Lord  William,  ho  said,  had  baenfcr 
too  hasty  with  Murat,  and  had  given  him  very  just  grounds  ot 
plaint.  So  for  Louis  Philippe  hod  not  scored  a  point,  ta 
Lord  Liverpool  tried  to  reason  him  out  of  his  position.  Even  if  ws' 
turned  out  Murat,  he  argued,  there  was  no  compensation  possible  foi 
him ;  there  was  no  other  throne  that  we  could  oner.  "  Why  a  throo* 
then  why  not  money  "  7  "  By  all  means,  if  he  would  take  it"  "01 
he  would  take  it  fast  enough  if  the  British  fleet  were  in  tho  Bay 
Naples."  "  But  then  who  is  to  pay  it  "  ?  "  Why  of  oonrso,  my 
those  powers  who  have  guaranteed  Murat's  throne."  That  was 
only  point  that  Louis  Philippe  scored  off  Lord  Liverpool.  He  oi 
waited  on  Prince  Mettemich,  and  opened  up  with  his  remark  that 
Murat  was  not  to  be  depended  on.  But  then,  rejoined  Mettemielii 
no  more  is  your  father-in-law,  you  must  wait  for  the  Congre«*.  ~ 
Due  d'Orleans  had  boon  so  pertinacious  that  Lord  Castlero^gli's 
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had  bad  time  to  recover,  atid  the  Duke,  encouraged  perhnps  by  the 
incident,  interviewed  him  and  pressed  for  an  immediate  decision.  But 
Lord  Castloreagh  was  not  bo  easily  squeezable  &h  Louis  Fbilippe 
imagined.  Aii  immediate  doci^ion  is  quite  uut  of  the  question,  he  said  ; 
"  your  Iloyal  Higbness  must  wait,  like  all  of  us,  for  tiie  Cougress." 

"  Je  ne  pus  rien  gagtier,"  be  siglied. 

And  yet,  at  the  moment  wbon  bo  was  complaining  that  be  could 
make  no  way,  bo  had  in  fact  won  his  cause.  Ferdinand,  by  biinself, 
was  a  uegligiblo  quautity  in  bis  own  cause.  The  sovorcigas  of 
Europe  hold  him  as  a  incnmlirance  in  thoir  cause.  Tbey  were 
figbting  tbe  cause  of  munarcby,  and  be  was  a  disgrace  to  the  cause 
of  roonarcby.  Tbey  were  figbting  tbe  cause  of  legitimacy,  and 
Ferdinand  was  the  incarnation  of  all  tbe  qualities  tbat  mado  the 
word  legitimacy  an  abomination  in  tbo  oars  of  the  peoples. 

If  it  had  not  been  for  Dcntinck  and  Louis  Fbilippe,  Ferdinand 
would  never  have  returned  to  Naples. 

Bentiuck's  conduct  was  highly  improper,  but,  as  a  matter  of  fact, 
it  did  prevent  the  definite  recognition  of  Murat.  Louis  Philippe's 
adroitness  and  pertinacity  produced  tbo  general  impression  that 
Mumt  was  rather  a  nuisance  than  othorwisc.  Tbe  result  was  that 
when  tbo  Dukes  of  Gallo  and  Campocbiaro  claimed  admittance  to 
tbe  Congress  of  Vicuna  aa  Murat's  reprcsontativcs,  it  was  refused  to  ' 
them. 

Talleyrand,  the  plenipotentiary  of  Louis  XVIIL,  tried  to  push 
bis  atlvantage  further.  But  Motternicb  wos  firm.  "I  will  never," 
he  said,  "  advise  my  mastor  to  rei)udiato  tbe  treaty  with  Murat  It 
WBfl  made  in  an  hour  of  stress  when  we  bad  need  of  bis  help,  and  I 
will  be  no  party  to  repudiating  it  now.  But,"  be  added,  "  you  know 
Murat's  tomiHsr.  He  has  sa  far  esliibited  great  self-restraint.  Sooner 
or  later  be  will  make  a  slip,  and  we  shall  profit  by  tbat." 

I  am  glad  tbat  my  timo  has  drawn  bo  near  to  its  close,  and  that  I 
can  do  no  more  than  hurry  through  the  last  year  of  Murat's  life. 
Prince  Metternioh  was  quite  right,  Murat  did  mitke  a  slip,  and  the 
Austrians  did  take  advantage  of  it.  Tliey  entered  his  territory,  ho 
was  defeated  in  battle  and  fled.  Ferdinand,  the  Mr^ssiab  as  be  called 
himself,  returned  to  bis  faithful  Neapolitans,  and  Murat  wandered  in 
exile.  His  private  fortune  of  twelve  millions  of  franos  had  boon 
spent  in  maintaining  tbe  royal  state  of  Naples.  All  that  bo  carried 
into  exile  with  him  was  a  handful  of  gold  pieces  and  some  diamonds. 

At  likst,  wbon  at  tbe  cud  of  bis  resources,  there  came  a  helping 
hand  from  Austria.  Tbe  Emperor  created  him  Count  of  Lipona,  and 
grante<l  bini  a  passport  tu  Austrian  dominions  :  doubtless  a  provision 
would  have  followed.  It  came  too  late.  Tbat  very  morning  ho  had 
completed  his  preparations  for  a  lust  desperate  attempt.  "  The  die 
is  oast,"  ho  cried,  as  with  the  patent  of  Count  of  Lipona  in  his  pocket, 
be  set  sail  for  (^'alabria,  bent  on  a  struggle  for  tbo  throne  of  Naples. 
He  had  miscalculated.  There  was  no  rising  in  his  favour.  He 
wfts  taken    prisoner,  tried    by    a   C<iurt  Martial,  of    which    nearly 
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every   nicnilxr  hnil  been   decorated    by  his  own  bands,  cande 
and  lihut. 

"  Ab  an  act  of  justice  or  an  act  of  policy  his  puniabment  is  eqnallj 
to  bi!  jiistifiud,"  wrt)te  Bentinck's  successor,  as  a  coinment  (oi  the 
tiagedy.  Peihups  :  only  wlicn  one  remembers  1848  and  185'J,  1866 
and  1^70,  wl  en  one  renieoibons  the  long  agony  ttiroxigh  which  Italy 
had  to  puss  before  bIio  attained  that  measure  of  unity  that  Murat  was 
ondtftvouring  to  win  for  her  iu  1815,  our  only  consolation  for  Marat '§ 
death  Miust  be  the  reflection  that  the  lied  Cross  of  Savoy  now  waves 
over  the  Peninsula  from  end  to  end.* 


The  dJDtiourau  wax  illuatratml  by  four  inapa. 


[W.F.L] 
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WEEKLY  EVENING   MEETING, 

Friday,  March  18,  1898. 


Jamu  MAN8IB0H,  Esq.  V.P.  Inst.  C.E.  F.G.S.  M.R.L 

The  Bringing  of  Water  to  Birmingham  from 
the  Wehh  Moiinlaiiu. 


Tbv  city  of  Binuingliam  Las  an  aroa  of  12,365  acres;  and  tlia 
parlia'Deutary  limits  witliin  wbiuh  tho  Corpnrtition  uro  bound  to 
•apply  water  extend  to  83,221  acrcB,  vt  130  square  miles — ati  aroa 
10  per  cent,  in  eicesa  of  tbat  of  tbo  Couuty  of  Loudon.  Tbis  district 
▼aries  cunsiderably  iu  oltivutinn,  being  270  feet  abovo  Bea  level  in 
the  Qortb-eaKt  corner,  and  rising  ti>  80i>  foot  in  tho  sitntb-vvcHt.  A» 
coiuparo<l  with  this,  tbo  hi^Iiest  part  uf  Hum|>Hte»d  II«Mth,  in  tho 
north-west  of  London,  is  450  fitit.  Tho  ipupulatiuii  within  iha  limits 
at  tbo  time  of  census  taking  in  18'.)  1  was  647, '.'72,  aud  is  btlieved  to 
be  now  over  700,000.  The  wator  i-s  at  jiresont  obtained  from  live 
luc^l  streaiiif),  and  from  six  wells  sunk  in  the  New  lied  Sandstone 
whioh  anderlicB  the  city  and  its  neighbourhoud. 

In  18110  I  was  calkd  in  to  invosligato  the  whole  question  of  tho 
fatnre  of  the  water  undertaking.  My  advice  to  tho  committee,  put 
shortly,  was — 

1.  That  the  water  obtainable  from  tho  local  Btreams,  flowing  as 
they  do  through  populous  distrii-ts,  would  go  on  constantly  iucroasing 
in  imparity,  aud  tho  greatest  care  viould  have  to  bo  exercised  iu  order 
to  ensure  its  safety  for  domestic  use. 

'i.  That  tbo  addition  tu  their  rosourcos  by  any  impounding  works 
which  could  be  ouustructi'd  on  these  streams,  or  ity  siukiug  more 
wells.  Would  carry  Ihoiu  on  for  only  a  comparatively  fow  years,  at 
the  end  of  which  time  they  would  iiievilably  have  to  go  much 
further  afield,  and  the  money  they  hud  spent  would  be  practically 

ItMt. 

3.  Tbat  tho  distant  unpidluttd  sources,  at  sufficient  elevation  to 
•apply  Birniingbam  by  gravifcition,  were  c<inipartttivoly  fow,  and  that 
li  their  acquiBition  were  delayed  oven  for  a  few  years  only,  the  chancoa 
were  that  they  would  have  been  secured  by  some  other  cunimimity, 
jiossibly  Loudon. 

I'his  advice  was  accepted,  the  result  being  that  a  Bill  was 
promoted  in  rarliamout  in  tho  Session  of  1K92,  by  whieh  tlie 
Corporation  sought  powers  to  utilise  the  waters  of  the  rivers  Elan 
»od  Claerwon  flowing  from  an  area  of  7 1  square  iuili<s  iu  tho  oonntioa 
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of  Radnor,  Brecon  and  Cardigan.  These  rivers  are  tribatories  of  i 
Wye,  which,  passing  through  Radnor,  Brecon,  Bereford,  Monmou 
and  Gloucestor,  joins  the  S*jvom  near  Chepstow. 

Diagram  No.   1,  being  a  map   of  England,   shows   the 
positions   of   Birmingham    and    the    Elan  shed,  with   the 
(80   miles).       It    also    shows     the     Stockton    and    Middle 
(85  miles),  the  Manchester  Thirlmore  (100  miles),  and  the 
pool  Vyruwy  (60  miles),  schemes  all  executed ;  and  in  addition 
Welsh    scheme  for    London    (170   miles),  projected   by   my   frie 
Sir  Alexander  Binnio. 

In  order  to  obtain  complete  control  of  the  drainage  area,  and 
secure  the  water  from  pollution,  the  Corporation  asked  Parliomeot  I 
aUow  them  to  aotiuire  the  whole  of  it  by  purchase,  a  propoeition  wl ' 
inducud  the  opposition  of  the  landowners,  the  CnmmoDera  and 
Commons  Proservatioa  Society.     The  Bill  was  also  oppoaed   bj^l 
number  of  property  owners  upon  the  lino  of  aqaodnct,  by  a 
section  of  Birmingham  ratepayers,  by  the  Corporation  of  Harefa 
and  by  the  London  County  Council ;  the  ground  of  the  last-ment 
opposition  being  that  the  source  of  supply  was  an  cxooptioDally 
one,  that  therefore  the  Council  mi';ht  some  day  like  to  got  hold  vf  j 
and  tliat  Birmiughaiti  ought  to  wait  until  London  had  modo, 
mind.    We  wore  most  effectively  assisted  in  combating  thieopf 
by  your  worthy  Honorary  Secretary,  Sir  Frederick  Bramwc 
had  beou  ongnged  in  the  Liverpool  fight  twelve  rears  proviut 
wae  able  to  testify  that  a  similar  objection  was  made  at  that 
the  Metropolitan  Board  of  W^rks  to  the  taking  of  the 
the  Vymwy  to  the  great  Lancashii-e  seaport,  and  to  show 
London  water  question  was  no  further  advanced  in  1892  thaa>| 
in  1880.     This  London  contention  was  met  by  sotting  oat  il 
the  many  streams  in  the  Welsh  mountains  wliich  were  av 
the  Metropolis,  hut  too  low  for  IMrmingham  ;  streams  which,  whan  j 
vidod  with  proper  storage  reservoirs,  were  competent  to  snpplyj 
500  niillioD  gallons  a  day  without  touching  the  Elan  and  Oil 

In  addition  to  these  oppositions  wo  had  of  oourae  to 
happens  in  all  n-ater  Bills  of  this  class — the  question  of  the  i 
of  compensation  water  to  bo  paid  to  the  river  for  the  right  toi 
the  water  authorised  to  be  taken  for  the  supply  of  Birmingham, 
the  cose  of  works  established  upon  the  rivers  of  L^coghire 
Yorkshire,  whoso  waters  are  atilised  for  manufacturing  pa 
nearly  up  to  their  sources,  tin's  is  a  serious  question,  but 
in  the  whole  course  of  the  Wye,  and  the  Blan  below  tb* 
abstraction,  tlicre  is  not  a  single  case  of  such  utilisation 
driving  the  wheel  of  a  com  mill.  This  did  not,  howew, 
most  exorbitant  claims  being  set  up  by  riparian  owners  on  i 
of  tlicir  fishing;  rights — not,  however,  by  the  net-fishers  in  the  kwtf 
rcachofi  who  make  their  livelihood  out  of  the  fishing,  but  bjr  Ifoht- 
luon  who  handle  a  rod  for  diversion.  lu  the  Bill  as  depodw  *• 
hod  proiKWod  that  the  cjuantity  of  compuustition  wotitr  ahoold  T    "**" 
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millions  of  gallons  per  day :  the  rod  fishers  demanded  fart^  miUiei 
They   were  aseisUd  by  the  Wye  Fishery  Board,  and,  in   the  bao 
ground,  by  tke  officials  of  the  Board  of  Trade  who  administer 
Sitlmon  Fisheries  Acts;  and  nltiniiitclya  compromiso  was  come  to 
which  the  quantity  was  fixed  at  27  million  gallons  a  day.     ginco 
works  have  boon  in  ccurse  of  oouBtruction  we  bare  had  the  opp( 
tunity  of  measuring  the  flow  of  the  rirar  at   the  spot    where  \ 
27  millions  will  have  to  be  discharged,  and  have  found  that  in  vi 
dry  weather   it   falls   to   something   nndcr  4.^  milliuns,  so  that  1 
qnantity    passing   down    will,   so   soon    as    anv    water    ia    taken 
Birmingham,  he   increased  at   snch  point  nx-fuld.      Of  course 
capability  of  so  benefiting  the  river  is  due  to  the  storing   of  fl<i 
waters  in  the  reservoirs  to  l»6  constmctetl. 

Anothr r  incid'.nttil  lientjfit  ari^in;;  oat  of  this  imp«>nnding  will 
the  rednction  in  the    vnltmie  and  violence  of  destructive  floods  in 
river  below.     The  amount  of  compensation  water  in    these  cnsee  I 
fairly  well   recognised   proportion  of  the  water  colUct«blo  from 
WHtemhed  nren,  that  is  t<i  say,  wliero  the  water  is  used  fur  tt«dc 
iiiunufactutinf^  purposes  the  proportion  is  one-//jiV(f,  and  where  th( 
are  only  ordinary  riparian — including  fi*;hiitg  liglit* — it  ia  nltnnt  oi 
fntHth.     The  quimtity  of  water  collectable  is  Ohcertitined  from  the 
of  the  gat'  oring  ground  and  the  rainfall  upon  it    less  tlic  ovajxirati 
and  the  volume  of  water  inevitably  overflowing  from  the  rcsorvoU* 
times  of  flood.     Thus  the  area  wo  nre  here  dealing  with,  was  doti 
mined   by  accurately  marking  upon  the   plans  the  parting  linra 
watershid   boundaries  aftor  careful  examination,  and  in  sonn*  c 
irititrumentul  levelling  n|Min  the  ground.      By  measurement  from 
plans  the  area  was  found  to  be  45,662  acres,  the  tirst  factor  in  \ 
calculation.     The  area  is  shown  by  a  photograph  of  a  model  of  I 
watershed  (Diagram  No.  3). 

The  mo<lel  was  made  on  a  scale  of  6  inches  to  a  mile,  that 
880  feet  to  an  inch  horizontal,  and  SOO  feet  vertical,  and  uiioo  it  I 
reservoirs  are  rt-presented  as  made  and  filled  with  water.  The  l% 
fall  might  have  been  a  niiieh  more  difficult  thing  to  dctemiiue  tfa 
the  area,  but  that  very  fortunately  the  Lord  of  the  Manor,  Mr.  KoU 
LewiH  Lloyd,  and  his  fiither  before  him  had  kept  a  rniu-gan^  red 
larlj'  from  the  yoor  1871  onwards,  at  the  family  mansion  of  N 
gwillt,  in  the  lower  part  fif  the  Elan  Valley,  and  at  a  spot  on 
wutersiuK]  area  to  l>e  appropriated. 

So  soon  as  it  seemed  probable  that  the  matter  would  be  proceed) 
with,  several  otUer  rain-gauges  wero  erected  at  sevcraT  points  up) 
the  slied,  with  the  asfeistdnco  of  Mr.  Symoup,  the  last,  and  a  ma 
worthy  gold  medallist  of  the  Society  of  Arts.  Then,  by  a  cumpariai 
of  tliese  with  tlio  loug-teria  gauge  at  Nant-gwillt  and  others  in  tl 
Borrounding  eouutry,  it  was  decided  that  the  mean  anunal  fall  of 
long  ser'oH  c,f  years  U{)on  the  wiilerslicd  might  bo  taken  at  abod 
t8  inches,  and  the  average  of  iliree  consecutive  dry  years  at  5.5  iucliJ 
— this  latter  being  the  figaro  always  used  in  these  estimations I 
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firflt  BUg^osted  by  ttie  Toteron  watorworks  engineer  and  Ijydrolnc^gt, 
the  late  IVlr.  Huwksloy.  The  greatest  rainfall  waa  in  1872,  viz.  93*86 
inclicH ;  and  tlie  least  wan  in  1892,  viz.  43 '44  inches. 

Diagram  No.  3  bIiowb  the  raiufall.  The  nppor  one  givos  the 
yearly  fkll  at  Kant-gwillt  from  1871  to  1896,  with  tho  mean  of  that 
term,  and  alsd  tlio  moan  of  the  lowest  tliroo  conscoiitiTu  dry  years. 
The  luwor  ouo  shows  tho  monthly  fall  at  tho  Ramo  place  for  tho  same 
period.  It  is  very  ubuuI  to  take  14  inches  as  the  amount  of  evH|K>m- 
tion,  but,  in  order  to  bo  cm  the  safe  nido  and  to  allow  amply  for  loss 
by  overflow.  19  inches  were  deducted  from  the  55,  leaving  36  as 
cidlectable  by  means  of  the  reservoirs  intended  to  bo  constructed. 
Taking  the  mean  of  tlireo  cuuseciitive  dry  years,  the  rainfall  in  one 
year  up^m  the  watertihcd  area  wotild  bo  equivalent  to  25*2,496,491  tons 
of  water,  of  which  63,950,8:^3  would  bo  lost  by  absorption  or  evapora- 
iton,  and  2>',154,608  tons  by  overflow,  lonving  165,390,060  tons  as 
collectable  in  the  reservoirs.  In  a  year  of  maiiraum  rain  like  1872, 
the  total  qiianlity  falling  upon  the  watershed  would  be  I'^l, 116,756 
tons,  and  the  volume  overflowing  from  the  resfrvoirs  into  the  river 
wonld  be  conesponilingly  iiicreaseil.  Further  obBervatious  since  the 
Bill  was  in  Parliuiueut  have  sutiutie^l  uio  that  wo  may  calculate  on 
obtaining  from  tho  works  75  million  gallons  a  day  for  supply,  in 
addition  to  the  27  millions  for  cumponaotion. 

Considered  geologically  tho  whole  of  tho  watershed  area  consists 
of  rocks  of  Lower  Silurian  age,  principally  inferior  elale*,  but  in  parta 
of  very  hard  grits  and  conglomerates.  It  is  the  presence  of  thick 
bands  of  tho  latter  stretching  across  the  Elan,  at  n  place  culle<l  Cabaa 
Cdch,  and  resisting  degradation,  which  has  determiuo<i  the  position  of 
tho  contraction  in  the  sides  of  the  valley  and  rendered  it  so  eminently 
anitable  for  the  location  of  a  barrier  dam.  At  this  npot  the  bed  of 
the  liver  is  700  feet  above  Ordnance  datum,  the  bottotn  of  tho  valley 
being  about  200  feet  wide,  and  at  120  feet  higher,  only  600  foot.  Im- 
mediately alxjve  this  contraction  tho  valley  widens  out  into  a  broad 
"flat,"  and  1540  yards  higher  up,  tho  river  t'laerwen  joins  tho  Elan 
on  its  right  bank. 

These  QouditioiiB  pointed  unmistakably  to  the  Caban  as  the  site 
of  tho  lowest  tiam,  and  oonsiquently  determined  the  area  of  gathering 
ground  to  bo  utilised. 

Tho  height  of  tho  wall  to  be  built  wns  after  much  consideration 
tiled  at  122  feet  above  tho  bed  of  the  river,  and  the  contents  of  the 
nsc-rvoir  behind  it  will  be  nearly  8000  million  pallons.  As  compared 
with  tho  height  of  this  wall  above  tho  rivir,  the  Vyruwy  (Liverpool 
works)  is  8o  feet,  and  the  Thirlraere  ( At anch ester  works)  50  foot 
The  river  Elan  has  in  the  piirt  affected  by  this  dam  a  rise  of  80  foot 
in  a  mile,  so  that  the  122-feot  barrier  btvcks  the  wator  up  that  valley 
4  miles,  and  up  the  Claerweu,  which  in  somewhat  steeper,  nitout 
24  miles.  Tlie  length  of  dioii^iht  which  it  waa  detmie*!  advisable  to 
guurd  against  waa  fixed  at  180  djtys,  and  consequently  the  total 
storage  to  be  provided  was  nearly  IH,000  million  gallons,  or  10,000 
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ninioM  Mfll*  Aim  the  CabMi  C6ch  roncrrotr  would  cfintain.     For  tbs 

{BrpOM  of  Milrctitig  tlio  ]Mi«iilioi)ii  nf  oi\wT  irmvTyo\rm  t}i»n  tlio  Caban 
ign«r  np,  tho  two  vuUc-yH  wuru   luvclli!!)    and  rlnsrly  cM>iitnnrr4i  to 
{•bovo  tlic  lii((h(!itt  tHMUtililu  MtUi  on  (-acli,  ami  by  tliiM  nitmiiii  Ui»  exact 
poKilioiia  uf  livo  otiterH  wiTo  dvt«nniiic<<l,  giviny  the  greuUit  impounding 
eaparily  vriih  the  len»l  inrwuni  of  nliurtural  ttdrk. 

Ou  Din^nuu  No.  4  arr<  i^vuri  liiti(ritiulinal  soctioni  of  tho  twO' 
vall«yi<,  dLowing  that  on  tlm  Klun,  above  tlio  Cttliau,  thnru  in  to  b« 
a  dftin  At  I'<-n>gnrog,  nnd  nnotbitr  at  Crnig-yr-alli-grM'b,  ami  on  lh«i 
Cburwon  »t  iJol-y-iiiynoob,  (.'il-otrwyiit  and  rimt-y-bcMldaii.  In  iho 
nrdor  nanu  d,  tln-ir  rL'ti|<eetiv<i  Leigbta  art-  1*28  ftsit,  I'iO,  101,  lOH,  mi 
MH  ;  utid  il.M  n  Mirvoir  caiiacitica  133U,  2000.  1G80,  81C0,  atjd  \'H() 
uitlllon  (jallouH  rit*]Kclivcly. 

A  unique  ftatiiro  in  tbo  M-hvtno  in  tbo  proviaton  of  what  Iios 
oalb  d  a  $uhmrrijr(i  dam,  to  Vxi  built  acrom  tbo  Cnban  Cocli  rciwrToir 
at  u  point  nnniy  a  niilo  and  a  balf  abovn  tbo  nmin  wall,  and  called 
Cnrc^ddn,  iU  |  ri^iMc  function  iKiing  to  bold  tbo  wntor  np  btdiind  it 
bigb  ( iioUith  to  ('liar({()  tliti  M(|iiodiict  conveying  lb<:  Mater  to  liinning* 
bum.  It  ia  diMcribod  aa  Hubmorgi-d,  bcouuHu  until  tbi<  Matter  Lbji 
Ux-n  lowen.iiHO  ful  it  will  lio  ilrown»d  and  out  of  aigbt.  Tbo  ntoco- 
aity  for  tbin  dcvirc  coiucM  about  in  tbo  fuIloMiug  way,  vix.  at  tbo 
nirniin({bani  tnd  of  tbo  a<j[)i<liK-t  tbo  wntir  iH  to  bu  dvlivcroii  into 
a  largo  Honrico  nkorvoir  nt  Kraiiklc-y,  about  Ti  inilcii  from  tlio  contro 
of  tbo  tity,  wboBO  loj>  water  will  bo  QU'.i  {vol  ubovo  O.I).  From 
tbo  coninutncnmont  of  tbo  n^incdnct  in  tbo  aidn  of  tlio  Caban  react* 
voir  to  Ftankloy  ia  a  iliatunKo  of  noarly  74  uiilcn,  and  in  thiK 
brigtli  tbo  full  nM{uirod  to  convoy  tbo  wat(>r  ia  in  round  figurea 
ITOfeot,  MO  tbttt  tbo  invert  of  tbo  uquLdudt  at  ita  inlot  will  l>v  77U  (ett 
above  O.D.  or  70  foot  bigbi<r  tbun  tbo  bod  of  tbo  river  at  Calau 
(Viob.  Now  tbo  wator  niuat  of  m  loaaity  novor  fall  haluw  tbia  inlot, 
or  tbo  aqnc«lnct  could  not  bo  cliargod.  i»nd  tlu-rtfuro  tbo  aulrtoorgwl 
doui  ia  to  Imvo  ita  oroat  nt  782  U.l).  Ih  ing  bigb  Duongh  to  fill  tlio 
aqnodiiotj  tbc;  croaa  aoction  of  wbicb  will  l>o  dt  acribcd  lator  ou. 

Diugnmi  No.  It  bxpluina  tbia  moro  fully.  A  ia  tbo  main  Cab«o 
Willi,  built  lit  a  Hp<«t  wbcTo  tbo  bod  of  tbo  river  ia,  oa  lioforo  atatod, 
700  fool  abovo  (J.D.,  ita  orest  being  822 ;  B  ia  tbo  aubinorg<!<l  wall, 
witb  a  Croat  lovol  of  7b2 ;  c  ia  tbo  outranoo  to  tbo  aquL'duct,  witb  ita 
iuTort  lovol  nt  770. 

Wbitii  tbo  roarnroir  ia  full,  tbo  layer  of  water  botwoon  822  and 
78'i,  10  foot  Ibirk  und  liiiying  n  anrfaco  urta  of  fiOO  acroa,  oontaiua 
4Ci8ri  million  (.'ulbma.  Now  aiippoao  very  littlo  wutor  woro  coming 
down  tbo  rivora  in  a  liniouf  grout  <lronglit,  '27  million  gnllonM  bavo  still 
to  bo  aont  out  for  cunijHinautiou  ovory  duy  nt  a,  ami  d«»ling  witb  tbo 
iirnt  iiiHtiUiiiont,  nnolbor  27  millioua  bavo  to  go  down  tbo  ai|uodni't 
ti>  Uinningbnm  ;  tliou  tbia  oombinod  draugbt  of  fi4  williimH  would 
ilrciw  <li»wn  tbo  wutor  from  822  t<j  782  in  oboutBO  days.  'I'bo  quantity 
of  wiitor  bolrjw  782  liotwcfn  Cabun  (.'6ch  at  A  and  C'arrogildu  at  B 
la  26(i5  million  gullona,  and  would  tboroforo  vuffico  to  j>ay  tbu  com* 
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millions  more  thui  the  Caban  C6ch  reeervoir  would  cootain.  For  tho 
purpose  of  eolccting  tbe  positions  of  other  lesorrnirs  than  the  Caban 
liiglier  np,  tlio  two  valleys  were  levelled  and  closely  contoured  to 
abijvG  tie  highest  possible  site  on  each,  and  by  this  means  the  exact 
positions  of  five  others  were  determined,  giving  the  grealetl  impounding 
capacity  tcith  the  least  amount  of  gtiuciural  work. 

On  Diagram  No.  4  are  given  longitudinal  sections  of  the  two 
valleys,  showing  that  on  the  Elan,  above  the  Caban,  there  is  to  b« 
n  dam  at  Pcn-gareg,  and  another  at  Craig-yr-allt^goch,  and  on  the 
Clnerwcn  at  Dol-y-mynacli,  Cil-oerwynt  and  Pant-y-beddan.  In  tlio 
ordtir  named,  their  resjHJctive  heights  are  128  feet,  120,  101,  108,  and 
98  ;  and  tLo  rcFcrvoir  eapacitiea  1330,  2000,  1680,  8160,  and  1940 
million  gallons  respectively. 

A  unique  feature  in  the  scheme  is  the  provision  of  what  has  bem 
cftlkd  a  euhmcrgvd  dam,  to  bo  built  across  the  Caban  Ct>ch  reservoir 
at  a  point  nearly  a  mile  and  a  half  above  the  main  wall,  and  called 
Garegddu,  its  irecise  function  being  to  hold  the  water  up  behind  it 
liigh  enough  to  charge  the  aqueduct  conveying  the  water  to  Birmiog- 
hani.  It  is  described  as  snhniorgcd,  because  until  the  water  baa 
lieen  lowered  40  ftet  it  will  he  drownid  and  out  of  sight.  The  ntc*6- 
sity  for  tliib.  device  comes  about  in  the  following  way,  viz.  at  the 
liirtaijiyliam  tnd  of  tho  aqueduct  the  water  is  to  be  delivcre<l  into 
a  largo  service  neervoir  at  Fraukley,  about  6  miles  from  the  ocotra. 
of  the  city,  whoso  top  wotcr  will  be  603  feet  above  O.D.  Frao 
tho  commencement  of  tho  aqueduct  in  tho  side  of  tho  Caban  rr«ci> 
voir  tu  Frank loy  is  a  distunce  of  nearly  74  miles,  and  in  tliit 
kugth  tho  fsill  required  to  convey  tho  water  ia  in  round  figuntf 
170  feet,  fni  that  the  invert  of  the  aqueduct  at  its  inlet  will  be  770  tut 
above  O.D.  or  70  feet  higher  than  tho  bed  of  the  river  at  C*l»n 
C6ch.  Now  the  water  must  of  necessity  never  fall  below  tliis  inlet, 
or  tho  aqueduct  could  not  bo  charged,  and  therefore  the  submergtd 
dam  is  to  have  its  crest  at  782  O.D.  bidng  high  enough  to  fill  the 
oqut'fhict ;  the  cross-section  of  which  will  be  dtscrilxxl  later  on. 

DiugDun  No.  5  explains  this  more  fully. ,  a  is  tho  main  Cabao 
vvhII,  built  at  a  spot  where  the  bed  of  tho  river  is,  as  before  stated, 
700  foot  above  O.D.,  its  crest  being  822 ;  B  is  the  submerged  wall, 
with  a  crest  level  of  782 ;  o  is  tbe  entrance  to  the  aqueduct,  with  its 
invert  level  at  770. 

When  tbe  reservoir  is  full,  the  layer  of  water  between  822  aa^ 
782,  '10  feet  thick  and  having  a  surface  area  of  fiOO  acres,  oooteiw 
4C85  million  gallons.  Now  suppose  very  little  water  were  eoinio|C 
down  the  rivers  in  a  time  uf  grout  drought,  27  million  gallons  haw  stiD 
to  bo  sent  out  for  compcnsatiun  every  day  at  a,  and  dealing  with  the 
first  iustalnient,  another  27  millions  have  tu  go  down  tho  aqoodiuA 
tu  liii-miiighain  ;  then  this  combined  draught  of  54  millions  vosld 
draw  down  the  water  from  822  to  782  in  about  80  days.  The  quantity 
of  water  bolaw  782  between  Cabnn  Cdch  at  a  and  Carregddu  at  • 
is  2565  milUou  gallons,  and  would  thcreforo  suffice  to  i>ay  the 
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pen8»tion  water  for  another  100  riays.  In  this  way  a  drought  of 
180  dajH  is  provided  for,  tho  water  for  snpply  during  the  100  days 
cotning  frotn  tho  Pen-gareg  and  Craig-goch  roservoira,  higher  up  the 
Elan.  They  hold  togeth«r  3330  million  gallons,  and  are  thureforo 
fully  competent  to  ensure  this. 

The  water  darkly  shaded  on  the  diagram  above  the  submerged 
dam  and  below  782,  cannot  of  coarse  be  counted  as  effoctive  storage, 
as  it  cannot  be  drawn  down  withoat  leaving  the  aqueduct  inlet  hij^h 
and  dry,  but  it  will  of  conrse  bo  in  no  aeniie  stagnant,  becHUso  the 
((nantity  going  t*  Birmingham  mnst  alwayH  be  running  through  it. 
When  the  eccond  itnd  follnwing  instalments  are  required  for  supply, 
the  reservoirs  on  the  Chierwen  will  huve  to  be  made  in  succession 
as  repaired,  and  the  addition  of  the  wat<>r  obtuimiblo  from  them 
will  enable  tho  40  feet  "slice"  between  822  and  7H2,  which  they 
will  always  bo  repleting,  to  nminUiiu  the  increased  didivery  by  way 
of  the  a<:[ueduct  and  tlio  ciimpensiitinn  as  before,  leaving  the  25(55 
millions  btbtw  782  for  tho  last  lOll  days  of  tho  drought.  In  order 
to  delay  as  long  as  possible  the  making  of  tho  Claerwen  reservoirs, 
a  tunnel  IJ  mile  I'ing  is  to  bo  driven  from  the  Dol-y-mynach 
naervoir  ou  that  river  to  above  the  snbmerged  datn,  so  that  its 
nutural  uttslored  wnters  can  be  used  for  supply,  the  respective  levels 
at  each  end  admitting  of  this  being  done  comfortably. 

In  this  country  haudretls  of  iuipoundiug  reservoirs  have  been 
oonstrncted  for  the  storage  of  water  for  caual  purposes  and  for  town 
supply,  and  a  very  liirgo  majority  of  these  have  banks  of  earth  sup- 
porting nn  internal  wall  of  puddled  clay,  which  forms  the  watertight 
part  of  the  barrier. 

There  are  still  only  very  few  stone  dams  of  any  great  sire  in 
England,  although  many  aro  to  be  found  on  tho  Continent  of  Europe. 
Tlio  Elan  and  Claerwen  valleys  were,  however,  peculiarly  adajited 
for  such  strncturen,  the  dam  sites  iKjinj;  all  on  rock  practically  to  tbo 
surface,  and  plenty  of  stone  for  building  nt  no  gre^it  distauco,  the 
material  for  earth  banks  being,  on  tho  other  hiiru).  deficient. 

It  may  bo  interesting  to  show  a  cross-section  of  one  of  thcso  stono 
dams,  and  on  I  liagram  J«o.  6  you  have  the  Caban  Coch  which  wo  are 
now  building,  and  alongside  it  that  of  the  Bouzoy  dum,  near  Epiual, 
in  France,  which  failed  about  three  years  ago  with  very  disastrous  con- 
sequencfs.  1  invite  you  to  compare  tliono  two  profiles,  and  note  the 
ridative  thickness  of  the  walls  at  the  same  depth  below  the  wnttir  sur- 
face, which,  of  course,  determines  the  pressure.  In  this  dam  (liouzey) 
thcs  line  of  stress,  insteo'l  of  falling  withiu  tho  middle  third  of  tho 
profile,  OS  it  ought  to  do,  was  very  much  nearer  the  down-stream  face  at 
the  point  of  failure  ;  the  weight  of  tho  structure  was  under  180  lbs. 
per  cuIhj  f»K>t,  nnd  neither  tho  titono  nor  the  mortar  of  which  it  was 
built  was  of  go<Kl  quality.  The  failure  was  no  doubt  dne  to  the  fact 
that  when  tho  reservoir  was  full  the  water  face  of  tho  wall  at  tho 
]Hiint  of  froctiirfi,  owing  in  tho  improper  form  of  croas-sectioD,  was  sub- 
jected toa  teuBilu  strain  which  the  material  was  not  com])eteut  to  bear. 
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This  strain  Professor  Unwin  has  calculated  at  a  ton  and  a  quarter 
square  foot,  which  was  sufficient  to  make  a  horizontal  tear  or 
along  the  back  of  the  wall.    Once  this  was  made  the  water  wonld 
it,  anil,  acting   upwards  as  a  wedge,  widen  the  rent  and  nltitnatel 
overturn  tho  part  of  the  wall  above,  cutting  it  right  across  verti 
at  each  eud,  of  the  disturbed  part,  a  length  of  about  190  yards. 

The  structure  of  all  the  walls  in  the  Elan  Valley  will  be  ideni 
in  character ;  they  are  being  formed  of  blocks  of  stone  (jflums  u 
men  call  them)  practically  unhewn,  varying  from  5  or  6  cwt  to 
many  tons  in  weight,  built  so  as  to  avoid  horizontal  bedding  plaae 
but  with  good  vortical  bonding,  and  embedded  in  and  surrounded  b; 
a  matrix  of  high-oloss  Portland  cement  concrete.  Both  the  i»  an 
down  atrcam  faces  are  beiug  finished  with  heavy  broken-coursed 
rock-faced  grit  or  cooglomerate  blocks  closely  jointed.  The 
Weighs  about  170  lbs,  per  cube  foot  and  the  concrete  about  146 
we  are  aiming  at  getting  a  little  more  than  half  the  mass  ot pin 
that  tho  finiehed  weight  of  the  dams  shall  be  as  nearly  aa  poaail 
160  lbs.  per  cube  foot.  The  design  of  the  walls  is  such  that  a 
ofibctive  tensile  strain  can  ever  come  upon  their  water  faces,  but 
did,  the  structures  us  put  together  will  resist  a  tensile  strain  o! 
least  12  tone  per  Square  foot.  When  the  Caban  reservoir  is  taU 
total  water  pressure  against  the  exposed  face  of  the  dam  will  be  aboai 
r>0,000  tons.  The  work  is  being  So  built  that  there  shall  be  Bl 
ifaterstices  in  it,  and  that  each  dam  when  finished  shall  be  to  •£ 
intents  and  purposes  a  monolith,  only  removable  by  some  great 
tulsion  of  imlnrc.  Without  reckoning  anything  for  the  cobedbi 
i)f  tho  structure,  but  only  considering  the  weight,  the  factor  of 
against  overturning  (as  did  the  Bouzcy)  is  from  8^  to  4. 

Tiio  drainago  area  above  Caban  Cocli  is  by  far  the  largest  Uia| 
liafi  been  hitherto  dealt  with  in  this  country  in  constmcting  works 
this  cliaracUr.     Deducting  the  reservoirs,  the  Ifanchestcr  Thirl 
area  is  11,000  acres,  tho  Liverpool  Vyrnwy  22,000,  and  this  is  44,< 
The  pruvigiuu  to  be  made  for  passing  flood  waters  during  the  ex 
tion  of  tho  works  is  consequently  a  very  important  mutter.      At 
Caban  it  is  quite  withiu  the  range  of  probability  that  at  tho 
hoi<;rht  of  a  flood  700,0u0  cube  foet  a  miuttte  may  have  to  be  d( 
with. 

Diagram  No.  7  is  an  oittline  drawing  showing  the  way  in  whi 
we  RTb  arranging  for  the  passage  of  such  a  flood  during  oonstraotii 
and  how  it  will  bo  disposed  of  when  it  comes  afterwards  vrith 
rosorvuirs  foU. 

First  of  all  we  clettred  out  of  tho  bed  of  tho  river  on  and  for 
distance  belotc  the  base  of  the  wall  a  very  groat  number  of  Itxfji 
boulders  and  Rome  rocks  in  silii  in  order  to  enable  the  water  to  ra 
freely  away.  We  then  erected  a  concrete  and  timber  stank  on  tbt 
Hnconshiru  side  of  the  river  to  exclude  tho  water,  aad  thus  allow  ui 
the  ctravation  for  tho  foundation  of  that  ciid  of  the  wall  being 
out  and  the  base  of  the  wall  and  the  ^rtKon  col  vert  built.     This 
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•11  been  done,  tbe  w&ll  having  been  carried  np  to  730  O.D.,  or  30  f« 
abore  the  bed  of  the  river,  tho  water  passing  meantthile  along  t1 
leftside  of  its  old  o>ar8o.  We  have  now  completed  a  similar  stank 
on  the  Radnor  oidc,  and  arc  getting  oat  the  foundation  inside  of  it,  and 
tlie  Imilding  of  the  wall  and  t}ie  Radnor  cnlvert  will  follow  in  due 
coarse.  I'ben  a  stank  of  oonorete  will  be  erected  np  to  the  level  of 
7^0,  abatting  against  the  wall  at  the  npper  and  it.ner  end  of  ea<;h 
cnlvort.  Til  is  stank  being  finished,  we  shall  be  in  a  positioo  to 
impound  wuter  behind  it  to  tho  eitent  of  240  iniliiuu  riallons,  and  to 
charge  the  two  culverts  (which  arc  16  feot  in  diameter)  under  a  lioa^u 
ov«r  the  oi-ntre  of  22  feet,  and  tliie  combined  storage  and  power  <4^f 
discharge  through  the  culverts  will  enable  us  to  piu-s  a  maximum  flood 
without  interfering  with  the  conduct  of  tho  works.  The  excavation 
for  the  foaiidatiun  of  the  central  part  of  tlie  wall  can  tlieu  be  got  oi 
■ad  the  wall  be  biult  between  the  two  ends  (which  are  being  fiuisb 
with  vertical  joints,  dovetailed  in  plan)  up  to  730,  after  which  the 
remaining  92  feet  in  height  of  tho  wall  vwi  be  erected  without  furth^ 
troable. 

When  the  wall  has  been  finished  to  its  full  height  the  inlet  c: 
of  tho  two  culverts  will  be  closed.  Whi  st  they  are  perform: 
their  function  of  {massing  the  river  in  it8  normal  (^tate,  and  during 
floods,  they  are  fitted  with  cast-irou  trumpets  or  bell-mouthed  iuletsi 
tu  facilitate  the  entrance  of  the  water.  At  the  proper  time  these 
castings  will  be  removed,  and  the  face-plate  to  which  they  are  attached 
will  then  become  the  seating  of  a  steel  caisson,  which  will  lie  lowered 
into  its  place  by  means  of  guides  previously  fixed  and  drawn  home 
flo  as  to  form  a  watertight  junction  by  bolts  insido.  These  doors  or 
caisfiODs  are  competent  to  bear  the  pressure  due  to  a  full  reservoir,  viz. 
about  560  toM,  and  under  their  protection  the  pipes  with  their  valves 
will  be  laid  in  the  culverts  for  convoying  the  compensation  water  to 
tlie  measuring  chambers  outside.  Afterwards  each  of  the  caissons 
will  be  reinforced  by  a  mass  of  concrete  and  brickwork  inside  the 
culvert,  so  that  there  may  be  no  risk  of  the  peifeot  and  permanent 
soundness  and  watertigbtness  of  the  "  gtop."  In  connection  with  the 
uieasuriug  api>aratu8  there  will  be  self-recording  gauges  and  testing 
chambers,  and  turbines  driven  by  the  compensation  water  actnuting 
■ocnmulator  pum{V8  for  working  the  hydraulic  valves  and  dyuKmos 
for  electric  lighting.  With  a  full  reservoir  the  passing  of  the  27 
million  gallons  a  day  of  compensation  water  will  give  al>out  G50  horse- 
power, gross.  When  tho  resorvoir  is  full  the  water  will  overflow  the 
whole  COO-foot  length  nf  the  wall,  unimpeded  in  any  way,  and  at  the 
time  of  a  high  flood  the  depth  will  be  about  3  foet  on  the  crest.  This 
will  be  a  magnificent  sight,  which  I  hope  some  of  us  may  live  to  see. 
On  each  side  of  the  valley  a  channel  lined  with  masonry  and  concrete 
will  be  constructed  in  front  of  the  ends  of  the  main  wall  to  conduct 
the  water  harmlessly  down  and  train  it  into  the  main  channel  of  the 
river,  which  will  be  enclosed  within  masonry  side  walls  150  feet 
apart. 
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At  the  damB  higlior  up  tlio  river,  similar  means  are  being 
provided  for  the  passing  of  flood  waters,  modified,  of  cimrBO,  t<;>  meet 
the  oircnmstancos  of  oacli  case.  Tbo  Craig- goch  dam  is  to  be  built 
on  a  curve  in  plan,  all  the  other  main  dams  being  straight,  and  will 
have  a  roadway  carried  over  it  on  arches.  The  submLTKed  dam  will 
alao  have  a  roail  over  it,  and  as  apon  it  must  bo  laid  a  niilvvay  for  the 
conveyance  of  materials  up  the  Claerwon  Yallej,  itti  ends  must  be 
boilt  on  practi'^ftblo  railway  curves. 

Before  closing  this  much -condensed  description  of  the  general 
■dhome  and  the  works  in  the  valley,  I  shoiiM  lik"  to  m^y  that  out  of 
the  45,562  acres  of  the  t  oilecting  area  probably  40,000  cousist  (if  opun 
mountain  pasture  or  moor  land  carrying  not  more  than  one  small 
■beep  jier  aero.  Diagrarn  No.  8  gives  a  very  fair  idea  of  the  general 
character.  This  is  the  coniitry  just  above  the  upper  end  of  tho 
Craig-g6ch  reservoir. 

lu  the  lower  parts  of  the  valleys  there  is  some  cultivated  land, 
which  will  for  tho  most  part  be  occupied  by  tho  reservoirs,  roads 
and  railways,  tho  stuall  farmsteads  boin^^  submerged  and  itlt  trees 
»nd  fenc<  8  being  removed  hielow  top  wat<)r  level  of  the  reservoirs. 
Practically  tho  whole  area  will  bo  expropriated  ;  only  tho  cottages  of 
tho  very  few  shepherds  needed,  being  left.  Tho  old  manor  house  of 
Nant-gwillt  will  be  drowned,  as  also  Cwm  Elan  House,  for  some  time 

rosidcmoo  of  Shelley,  and  the  very  small  Nant-gwillt  Church  and  a 

itiet  chapel,  from  the  grave  yard  of  which  tho  reniuios  of  betvroeu 
60 ^d  70  budios  have  boen  removed  and  rointcrrod  near  a  now  chapol 
•lOOtod  below  Caban  Cooh. 
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I  will  now  shortly  describe  tho  course  and  mode  of  oonstmction 
of  tho  aqueduct  (Diagram  No.  9J.  As  baa  already  boon  8tate<l,  tho 
aqnc<lnct  commences  in  tho  side  of  tho  Caban  Coch  reservoir  above 
the  submerged  or  Caregddu  dam,  and  tormiuatus  in  tho  Fraukloy 
Hurvico  reservoir,  nearly  74  miles  diKtant.  At  its  iidut  there  will  bo 
s  tower  containing  the  controlling  valves  and  simple  screens  to  keep 
oat  floating  roattorc.  The  aqueduct  goes  iinmediat<.'ly  into  tunnel, 
a  mile  and  u  quarter  in  length,  through  the  Pool,  ainli  emerges  on  tho 
side  of  tho  hill  about  800  yards  below  the  Caban  dam.  At  about 
4^  mill  a  it  crosses  over  the  Mid  Wales  llaihvay  where  that  lino  is  in 
tunnel,  and  at  5  miles  under  the  river  Wye,  a  little  south  of  tho  small 
town  of  Hhayiider.  At  10  miles  it  passes  the  village  of  Nantmel,  and 
at  17  goes  midur  the  Central  Wales  Railway  at  Dulau,  where  it  enters 
a  tunnel  4^  miles  long.  At  26  miles  it  is  jtu't  south  of  Knighton, 
that  pn  nt  being  at  the  east  end  of  another  tuumd  2^  miles  long.  At 
86  miles  it  crosses  over  tho  river  Tome,  south  of  Lointwardine,  then 
abmg  Hringwood  Cliase  t<i  Just  south  ot  Ludlow,  where  it  again 
tho  Tome.  At  52J  milfs  it  is  half  a  mile  north  uf  Cloobury 
Mortimer,  and  at  68  miles  it  crosses  over  the  river  Stivorn  3  miloa 
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north  of  Bewdloy,  where  tho  prensuro  in  the  pipes  will  he  about  240  lbs. 
on  the  sqnaro  inch.  At  63]^  miles  it  m  just  north  of  Wolverloy,  and 
•t  68  close  to  Hagley,  reaching  the  intend od  Frauklcy  reservoir  at 
73  miles  54  chains. 

In  addition  to  tho  two  railways  above  mentioned  the  aqueduct 
oroBSes  the  Slircwsbury  and  Hereford  Railway  at  42  niilos  10  chains, 
the  Severn  Valley  Railway  at  58  miles  54  diains,  the  8taiTord  and 
Worcester  Canal  at  62  miles  70  chains,  and  the  Halesowen  and 
Bromsgrovc  Kailway  at  72  miles  5  chains.  In  its  course  it  &lso 
fifossee  the  rivers  Kea  and  tStour,  and  the  Temo  a  third  time. 

There  are  altogetlier — 

^^  13^  miles  of  tunnel ; 

^^^^                   23    miles  of  cat  and  cover ;  and  j 

^^^H'                 37^  miles  of  iron  and  steel  pipes  croasing  I 

^^^^                   valleys  under  pressure.  | 

■  Total   73^  miles.  < 

I  The  meaning  of  "cut  and  cover"  ia  that  the  aqueduct  is  laid  in 
prround  approximately  parallel  to  and  slightly  higher  than  the  hy- 
draulic gradient  line,  so  that  au  open  trench  may  be  uut,  the  aqueduct 
built  in  it,  and  the  ground  tilled  iu  and  reHtorml  over  it  ti»  it.';  original 
eonditiun.  In  tttnnel  and  cut  and  ewer  the  btructore  cnnsists  of  bl»e 
brick  lining  on  a  concrete  bnckiug  so  far  as  tho  invert  and  side  wall 
•u-c  concerned,  the  arch  being  of  concrete  only. 

Diagram  No.  10  shows  the  cut  and  cover  conduit  in  coustructiou, 
«ad  Diagram  No.  11  the  aqueduct  as  built  across  narrow  valleys. 

Thisoonduit  is  laid  almocit  throughout  with  a  fall  of  1  iu  4000,  or 
about  16  inches  in  a  mile,  the  exception  being  iu  the  long  tunnels, 
which  have  slightly  Ixftter  gradients.  It  will  carry,  running  some- 
tliiug  under  full,  75  million  galluus  a  duy,  and  the  first  instalment  of 
27  million  gallons  a  day  will  flow  about  3  feet  deep  and  with  a  speed 
of  150  feet  a  minute,  taking  about  44  hours  in  its  passage  from 
tho  Elan  to  Birminghara,  In  crossing  valleys  below  the  hydranlio 
gradient  line  the  aqueduct  will  consist  at  first  of  two  42-iuch  cast- 
iron  or  steel  pipes,  with  a  fall  of  3  feet  in  a  mile,  or  1  in  1760,  As 
the  demand  for  water  increases,  a  third,  fourth,  fifth  and  sixth  pipe  of 
aimilar  size  will  be  laid. 

The  service  re.sorvoir  at  Franklcy  is  to  bo  divided  into  two  equal 
parts,  each  holding  100  million  gallons.  The  surfaoo  water  area  will 
be  25  acres,  and  the  depth  30  feet.  The  side  walls  will  bo  of  con- 
crete faced  with  bhin  brickwork,  a  skin  of  asphalt  coming  between 
them  and  being  laid  also  on  the  concrete  floor.  Rolow  this  reservoir 
will  be  built  a  series  of  iilter-bods,  sufficient  at  all  times  to  efficiently 
filter  oil  tho  water  that  is  required.  From  a  pure  water  tank  below 
the  filters  the  gravitation  mains  ^vUl  start  into  th»  district,  and  from 
it  will  be  pumped  such  water  as  is  wanted  for  a  high  fringe  of 
aparsely  pojiuluCvd  country  too  high  to  bo  commanded  by  gravitu- 
tiou. 
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Honrra  or  Wou 

I  ahonld  like  now  to  be  allowed  t 
knangement*  which  hare  been  made  b; 
with  whom  I  am  in  constant  touch,  for  t 
being  of  the  workpeople  engaged  on  tl 
and  their  families.  At  my  reoommem 
mined  to  undertake  the  oonstmction  of  t] 
works  in  the  valley  under  the  direct 
staff,  and  withoat  tiie  interrention  of  « 
time  nor  place  either  to  defend  or  apolo 
it  to  Bay  that  np  to  the  present  time  tl 
■atisfiiction.  Having  thus  decided,  tb 
people  were  to  be  kept  together  in  d 
and  it  WS8  answered  by  the  eiectioE 
Coch,  with  snfficient  accommodation  i 
huQses  are  of  wood,  and  are  built  of  d 
grades ;  thus,  there  are  huts  for  officia 
schoolmaster,  for  gaogeiB,  fiw  marri< 
lodgers.  It  has  not  been  imosaal  on 
four  men  into  soch  a  hut,  sleeping  u 
where  work  was  going  on  day  and  nig: 
occasions  when  these  beds  have  not  ha 
say  the  least  of  it,  is  not  nice.  The  i 
from  me  to  sanction  the  erection  of  t 
the  larger  eight  men  sleep  in  one  larg 
own  separate  cnbicle  and  single  bed. 

Water  is  laid  on  nnder  pressnre  thr 
age  system  is  as  good  as  can  be  made 
'I'hcro  is  also  a  canteen,  where  good  bee 
Lad  at  certain  hoars  and  nnder  strict  re 
and  older  children,  with  one  male  an 
rooms  being  used  on  Sundays  for  reli 
a  largo  recreation  hall  with  gjmnasiui 
tiou.  and  a  circulating  library,  and  : 
theatrical  entertainments,  and  this  lat 
arc  balhs  and  wash-houses,  and  a  gen 
the  village,  and  another  for  infectious 
side.  The  baths  arc,  of  course,  patro: 
aft<)rnoon  and  Sunday  morning.  Whei 
one  charge,  viz.  a  penny.  It  was  soo: 
account  had  to  bo  taken  of  difierent  gri 
tramp  labourer,  icko  ia  not  a  proud  ma: 
navvy  demanded  to  pay  more  so  as  to 
on  a  still  higher  platform.  Now,  the 
towel  costs  a  j>enny.  Ditto,  with  two  to 
ditto,  and  high-class  toilet  soap,  two-; 
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ladies' dfljB,  but  into  the  particulars  of  tlielr  prejudices  I  have  not 
Yentiircd  to  inqaire. 

To  keep  oat  infoctiouB  diseases  there  is  also  a  "  doss  house  "  on 
the  opposite  side  of  the  river  to  the  village,  where  men  tramping  in 
search  of  work  are  taken  in.  On  admission  they  are  mode  to  have  a 
warm  bath  and  their  clothes  are  disinfected,  and  for  a  week  they  sleep 
here,  working  with  others,  and  are  under  the  sapervifsion  of  the  doctor, 
before  being  allowed  to  take  up  their  quarters  in  tho  village.  These 
arrangements  have  hitherto  been  sncceasful,  and  whilst  two  years 
ftgo  small-pox  was  epidemic  in  many  parts  of  South  Wales,  and 
especially  on  some  large  public  works,  wo  escaped. 

In  the  rest  of  this  description  of  the  village,  I  am  quoting  from  a 
leotare,  delivered  in  Birmingham  on  several  occasions  with  great 
success,  by  Mr.  E.  A.  Lees,  tho  highly  esteemed  Secretary  of  tho 
Water  Committee. 

"  The  village  is  on  the  opposite  side  of  tho  river  to  the  road, 
and  access  is  given  to  it  by  a  suspension  bridge  constructed  across 
tlio  river  by  tho  Corporation.  The  position  of  the  village,  in  that  it 
has  to  be  approached  by  this  bridge,  and  that  it  is  erected  on  privat<? 
gi'ound  to  which  there  is  no  public  right  of  way,  is  fortunate,  in  that 
do  Corporation  thereby  have  the  means  of  exercising  a  beneficent 
saporvision  which  would  bo  impossible  were  it,  in  the  ordinary  sense 
of  the  word,  a  public  plac(5.  Nor  is  the  supervision  of  the  Corpora- 
tion merely  nominal.  No  strangers  are  allowed  in  the  village  without 
permission.  Every  tradesman  who  wishes  to  deliver  goods  is  re- 
qnired  to  famish  himself  with  a  ]mss,  on  which  somewhat  stringent 
regulations  are  laid  down.  For  instance,  tho  owner  undertakes  ho 
will  not  deliver  any  intoxicating  drinks  within  tho  village  ;  and  tho 
Sunday  quiet  and  rest  of  the  inhabitants  are  protected  by  a  regulation 
that,  with  tho  exception  of  milk,  no  gocnls  shall  be  delivered  or  sold 
on  that  day  ;  and  these  regulations  are  not  a  dead  letter,  for  at  the  end 
of  the  bridge  on  tho  village  side  a  gate  is  situate,  at  which  the  bridge- 
keeper  is  constantly  in  attendance,  and  examines  the  contents  of  every 
cart  before  it  is  allowed  to  proceed. 

"  Fire  hydrants  are  fixed  on  the  water  mains  throughout,  fire  ex- 
tinguishing appliances  are  provided  at  convenient  points,  and  in  the 
middle  of  tho  village  there  is  a  small  fire  station  surmounted  by  a 
fire  bell.  This  is  the  rendezvous  of  tho  iire  brigade,  some  members 
of  whom  are  on  duty  every  evening.  The  village  is  perambulated 
throughout  tlio  night  by  two  watchmen.  All  of  the  huts  are  more- 
over inspectttd  weekly  by  the  village  superintendent,  with  a  view 
to  the  removal  of  all  refuse,  and  the  prevention  of  tho  use  of  oil 
lamps  of  dangerous  type,  and  other  articles  likely  to  occasion  an 
OQtbroak  of  Sro. 

"  Tho  village  day  schocd  is  placed  under  tho  Education  Depart- 
ment, tho  bcIjooI  managers  being  tho  Chairman  of  tho  Water  Com- 
mittee with  three  ofllciala,  two  of  whom  are  resident  at  the  workn  and 
Low  in  Birmingham.  Tho  buildings  are  certified  by  the  Department 
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»s  euffieleot  for  tlko  acyx>mmodation  of  1C8  scholars.  At  first,  con- 
sidcimblo  difficulty  was  experieuced  iu  bringing  the  navvy  obildren 
limit  tiie  discipline  of  regular  inutmction,  but  now  good  progT«88 
ia  being  made,  and,  at  the  lost  examination  by  the  Guvenuueut  In- 
ifwolor,  the  acliool  earntid  the  highest  possible  grant. 

"  I  UQat  now  refer  to  the  cauteen :  To  this  institution  a  special 
iatarMt  attacbea,  as  we  have  here  an  experiment  embodying  some  of 
tf)«  saggM^tions  thrown  out  for  the  regulation  of  the  liquor  traffic. 
In  jxiint  iif  fact,  tho  canteen  is  a  munici|>al  public  house,  and  is,  I 
think,  tha  onlj  iustauco  of  the  kind  in  the  Uuite<l  Kingdom.  On 
iKe  queation  uf  tho  driuk  traffic  there  were  the  three  proverbial 
G^>arf>e8  op«D  to  the  ^VKter  Cuuwitt<;<e  : — 

"  1.  To  du  nothing,  and  allow  any  enterprising  pnblicona  who 
oonld  obtaiD  liowiaea  to  set  op  their  Mtabliahmcuta  and  oonduct  their 
trade  in  the  omial  manner. 

"  3.  To  attempt  to  prohibit  the  traffic  altogether. 

"  3.  To  nadeiiake  the  provision  of  beer  for  the  use  of  the  ooio^ 
QtanitTi  bat  ander  such  regulatitms  as  shonld  render  it  least  hnrtfa 

**  The  ol^eotina  to  the  first  course  is  obvious.     Tho  navvies — il 
eomnaaa.  alas,  with   many  others — readily  yield  to  temptations  U> 
drink  when   ihoy  have   the  means  of  gratifying  the  appetite;  to 
during  the  summer  months,  when  regularity  in  the  gangis  is  of 
uttnoet  impurtaaoe,  aud  at  the  same  time  when  earnings  are  higbe 
tber«   would   be  the  greatest  likelihoud  of  the  demoralising  tod 
disastrous  effects  of  drimkeuneas  asserting  themselves. 

"*  To  tho  sooond  coarse  the  objection  was  none  the  less  marked. 
The  people,  rightly  <>r  wrongly,  will  baye  their  beer,  and  vtithoQt 
facilities  to  obtain  it  in  a  legitimate  manner,  thcj  would  decline  tbs 
phMW  nllogetiier  or  resort  to  illicit  moans  to  supply  themselves.  li 
was  heU,  IherefbrB,  to  be  imjiolitic  to  atttsmpt  prohibition,  and  I  think 
it  woald  have  been  nnwise  to  prohibit  altogether  the  sale  of  beer. 

**  The  thitd  altematiTe  coarse,  then,  was  that  adopted,  namely,  to 
proride  beer  vaiet  stringent  regulations.  The  canteen  is  placed 
tn  dtaxge  of  •  msaagsr,  in  whose  name  the  license  stands.  Tl« 
msn^rr  has  no  interest  in  the  sale  of  the  drink  ;  his  salary  is  fixed, 
•ad  is  sufficiently  liberal  to  command  the  services  of  a  thoroughly 
leliablc  and  rvspectable  man.  The  points  against  which  he  uiut 
gnard  huuself  are,  incivility  to  castomers  on  the  part  of  himself  or 
his  assistants,  lack  of  cleanliness  in  the  house  and  drinking  vessalii 
stdnltaration  of  the  liqaor«,  selling  out  of  hcmn,  and  disorder  and 
draiikenness  on  the  part  of  his  customers.  If  he  is  able  to  avoid 
oflteee  in  all  these  respects  he  is  thought  no  worse  of  if  the 
takiags  £hU  ofl^  and  no  better  of  if  they  increase.  To  promote  tb« 
elyaets  in  riew,  stringent  regulations  have  been  enacted ;  and  the 
regulations  are  not  merely  printed  and  hung  ou  the  vralls,  but  are 
actoally  enforced.  The  sale  of  drink  is  refosed  to  men  \«ho  show 
signs  of  having  had  enough,  or  who  have  already  be<n  supplied  up  to 
the  stipulated  limiL    No  women  or  children  are  permitted  in  the  bar 
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Eren  in  the  ont-door  department  no  woman  under  21  jonrs  of  age  is 
served,  and  no  boy  under  16.  Tbo  houM)  is  closod  every  night  at  nine 
o'clock,  and  the  inepeotion  and  co-oi>oration  of  the  police  are  courted 
in  every  way.  Every  effort  is  made  to  sell  a  tliomiigldy  wholesome 
and  pure  beer.  A  regular  system  of  Baraplo  taking  and  tORting  ia 
carried  out,  eamploa  being  taken  without  notice  from  time  to  time 
and  forwarded  to  Birmingham  for  aDalysia  in  coses  marked  with  num- 
bers only,  so  that  the  analyst  cannot  tell  from  what  brewers  the  beers 
are  purchased. 

"  Now  as  to  tine  social  results.  While  wo  cannot  say  that  by  our 
attempt  to  regulate  the  drink  traffic  we  have  created  a  *  Utopia,"  wo 
may  fairly  say,  and  indeed  wo  claim,  that  wo  have  reduced  the  evil 
rofiultfi  of  drinking  to  a  minimum,  taking  into  eousidoration  tho  fact 
that  on  the  02>iK)8ite  side  of  tlio  river,  within  half  a  mile  of  tho  village, 
another  public  house  exists,  which  is  conducted  on  the  usual  lines. 
Persons  qualified  to  judge  speak  in  thohiglicst  terms  of  tho  results  of 
the  experiment. 

*'  One  of  the  doclared  bases  of  the  Elan  village  canteen  is  that  tbo 
profits  are  devoted  to  the  social  well-being  of  the  community.  First, 
the  whole  of  tho  cost  of  the  day  school,  beyond  the  Government 
grant,  and  including  the  cost  of  the  building,  is  provided  from  the 
canteen  profits ;  in  other  words,  the  profits  take  the  place  of  what  in 
an  ordinary  community  would  be  the  School  Board  rate.  Second,  the 
coat  of  erecting  and  maintaining  the  public  hall,  with  the  library, 
gyninnsium  and  reading  room,  is  provididfrora  the  samo  source;  re- 
creation grounds  for  the  workmen  and  clerical  staff,  the  deficit  on 
the  bath  house,  and  occosioual  iielp  ta  charitable  institutions,  ore  all 
defrayed  from  the  canteen  profit," 

'I'he  men  are  takeu  up  the  valley  from  the  villago  early  in  the 
morning  and  brought  back  aft-cr  their  work  in  railway  carriages,  so  as 
to  save  time  and  their  exposure  in  open  trucks,  and  tho  childrou  from 
the  nppcr  works  huts  are  brought  down  to  school  and  returuod  homa 
in  the  same  way  ;  with  this  ride  in  view  the  parents  have  no  trouble 
in  getting  them  away  to  their  lessons. 

[J.  M.] 
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WEEKLY  EVENING  MEETING, 

FridBj,  Marcli  25,  1898. 

8tn  Jahks  Cbichton-Bbownb,  Treasurer  and  Vioe-X 
Id  the  Chair. 

Thb  Vkb*  E^v.  the  Dean  of  CASTEBBUfct,  D.D.  F, 

Canterbury  Cathedral. 

(AbBtnct.) 

Thb  Friday  Evening  Looturo  was  delivered  by  the  Very  R« 
Deau  of  Canterbury,  who,  at  tlio  request  of  tbo  Pregident,  t<iok 
subject  "  Cauterbory  Cathedral."  After  speaking  of  the  difficii 
Bteering  between  the  SoyUa  and  Charybdia  of  sayiu^  too  little  i 
innch,  in  dealing  with  the  story  of  a  cathedral  which  Liyl  be«a  o 
connected  with  the  history  of  England  for  thirteen  contnrie 
lecturer  touched,  first,  on  points  of  interest  connected  with  M( 
Lane  and  Chrigt-church  (into,  and  the  ancient  and  famous  ] 
Sehoid.  lie  spoke  of  the  many  styles  of  architecture  stili  -visil 
the  cathedral — KomuD  and  Saxon,  Early  and  Late  Norman,  Deoa 
Early  and  Late  Perpendicular,  and  modem — which  mark  the  cl 
of  a  thousand  years.  To  show  how  completely  the  cloisters 
Profosser  Willis  called  them,  "  a  perfect  museum  of  mediosTal 
lecture,"  he  showed  a  slide  and  phntograph  of  the  Martyrdom 
whore  Edward  I.  was  married  to  Margaret  of  France.  The  No 
door,  by  which  Becket  entcnxl,  was  siiiwrscded  by  the  Early  EngJ 
triple  arcade  of  1290,  overlaid  about  HOO  by  the  fan-hhaped 
and  groins  of  Prior  Cliillenden,  into  which  has  been  inaert 
Perpendicular  door  of  ArchbiKhop  Morton,  about  1490.  Hi 
gave  a  vtry  rapid  sketch  of  the  main  events  in  the  history 
structure,  which  was  burnt  di>wn  (by  the  Danes)  in  1011,  and 
burnt  down  in  1067  and  117-1,  amid  the  wild  emotion  of  the 
dotcribed  by  Gervase,  wlio  witnessed  it.  After  describing  hotr 
rebuilt  by  William  of  Sons  and  William  the  Engli8hman, 
later  additions  of  Archbishops  Simon  of  Sudbury,  Arumlpl,  C'<mTtl 
anil  Morton,  he  spoke  of  the  cloisters,  ami  dcKcrilxid  the  rlaily 
a  modiiGval  monk,  the  hardships  of  which  sufficed  to  aoconut 
immense  size  of  the  infirmary,  of  which  the  ruins  still 
an  illustrtition  of  eomo  of  the  memorable  scenes  for  whii 
catliedral  is  famoos,  Dr.  Farrur  ru])idly  described,  from 
sources,  the  circumstances  which  attended  the  murder  of 
This  was  illustnited  by  a  reproduction  of  the  ancient  paiutin 
mainly  obliterated,  on  the  tomb  of  Ileury  IV.  After  alluding 
Uccket  pilgrims  and    tlo  relics,  and  the  famous  visits  of 
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eovercignB,  and  of  Erasmus  and  Do«n  Colet,  he  described  the  memo- 
rablo  penunco  of  Henry  II.  iu  the  eryj>t,  which  was  also  illiistraU'd 
by  an  ancient  picture.  Ho  then  mentioned  the  discorery  of  thu  stone 
ct>fl5u  in  the  nuvo  a  few  years  ago,  and  gave  very  strong  reasons  for 
bis  ovm  belief  that  it  contains  the  genuine  remains  of  the  murdered 
Archbishop.  Attention  was  next  tarne<i  to  tlie  refage  offered  in  the 
crypt  to  the  Walloons  and  Iluguenots,  whose  French  service  is  still 
continued  in  the  Black  Prince's  Chantry  every  Sunday  afternoon. 
The  nivages  committed  by  Culmer  {"  Blue  Dick  ")  and  the  Puritans 
in  1642  were  next  described,  and  the  lecture  couclndod  with  a  swift 
glance  at  the  recent  events  in  the  cathedral  history — the  bnrial  of 
Archbishop  Benson,  thejiritt  prelate  of  the  Reformed  English  Church 
to  be  buried  in  his  own  cathedral  after  an  interspace  of  338  years, 
Hince  the  death  of  Cardinal  Polo;  the  enthronement  of  Archbishop 
Temple  ;  the  visit  of  their  Eoyal  Highnesses  tho  Prince  and  Princess 
of  Wales  with  their  family,  and  a  circle  of  ilhistriona  Englishmen,  iu 
1897  ;  and  the  thirteenth  centenary  visit  of  all  the  Eoglish-Hpeaking 
bishops  of  the  Empire,  and  of  Cardinals  Vanghan  and  Demand,  the 
Archbishop  of  Trebizond,  the  Diiko  of  Norfolk,  and  other  illuetrioua 
Itonian  Catholic  prelates  and  laymen. 

The  lecture  was  illustrated  throughout  with  fine  lantern  slides 
and  large  photographs  of  the  cathedral  buildings. 
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MacJiinery  Market  for  Blarch,  189&    Svo. 
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WEEKLY   EVENING   MEETING, 
Friday,  April  29,  1898. 

WooDD  Smcth,  Esq.  F.Il.A.8.  F.S.A.  Vice-President, 
in  the  Chair. 

Pbotsssob  Andbew  Gbat,  M.A.  LL.B.  F.R.S. 

agnelo-Ojdic  Motation  and  its  Explanation  by  a  Oyrosiatie  Medium. 

Tbs  action  of  magnetism  on  the  propagation  of  light  in  a  transparent 
medium  has  been  rightly  regarded  as  one  of  the  most  beaiitifnl  of 
Faraday's  great  scieutitic  discovcrieB.  Like  most  important  dia- 
ooveries  it  was  uo  result  uf  acctdontal  obscrvatiuu,  but  was  tlio  out- 
come of  long  and  patient  inquiry.  Gnidtid  by  a  cuuvictiou  that  (to 
quote  his  own  words)  "the  various  forma  under  which  the  forces  of 
matt«r  are  n)a<le  mauifest  have  one  tyiumuu  origin,"  he  roiwlo  many 
attempts  to  discover  a  relation  between  light  and  electricity,  but  for 
very  long  with  negative  resnJIs.  Still,  however,  retaining  a  strong 
percaasiuu  that  his  view  was  correct,  aud  that  some  such  relation  must 
«xist,  he  was  nndiscouraged,  and  only  proceeded  to  search  for  it  moro 
strictly  and  carefnlly  than  ever.  At  last,  as  he  himself  says,  he  "  suc- 
ceeded in  miujneiising  and  electrifying  a  ray  of  light,  and  in  illuminat- 
ing a  magnetic  line  of  force." 

Faruday  pictuiod  the  spaco  round  a  magnet  as  permeated  by  what 
he  ciillud  lines  uf  force  ;  these  ho  regarded  as  uomcre  mathematical  ab- 
stractions, but  OS  having  a  real  pbysiail  existence  rcpresentod  by  a 
change  of  state  of  the  medium  brouglit  about  by  the  intro<luction  of 
the  iiioguot.  That  there  is  such  a  medium  Eiirrouuding  a  magnet  wo 
take  fur  granted.  The  lines  of  force  are  shown  by  the  directions  which 
the  small  elongated  pieces  of  inin  wo  have  in  iron  filings  take  when 
sprinkled  on  u  smuuth  hoirieontal  surface  surrounding  a  horizontal  bar 
magnet,  as  in  the  experiment  I  hero  make.  [Experiment  to  $hou  field 
of  bar  magut't  by  iron  Jilivgs.'] 
H  The  arrangement  of  these  lines  of  forco  depends  upon  the  nature 

H  of  the  magnet  pro<lucing  them.  If  the  magnet  bo  of  hurse-shoe  shape 
^■^|iM  lines  are  crowded  into  the  space  betweeu  the  poles ;  and  if  the  polo 
^Fftoea  be  close  together  and  have  their  opposed  surfaces  flat  and  parallel, 
■  the  lines  of  force  pass  straight  across  from  one  surface  to  the  other 
H  ill  tljo  manner  shown  ia  the  diagram  before  you.  [^Diagram  of  field 
H   betteeen  flat  pole  faces.'] 

H  The  physical  existence  of  these  lines  of  forco  was  diinonstratcd 
H   tor  a  number  of  diiTorcut  media  by  ILc  diwovcrj'  of  Furuday  to  which 
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I  Lave  already  referred,  and  on  which  almost  all  the  later  worl 
the  relation  of  magnetism  to  light  has  heen  foanded.  I  am  perni: 
by  the  kindness  of  the  authorities  of  tbiis  Institntinn  to  exhibit 
the  very  apparatns  which  Faraday  himiielf  employed,  thongh  fn 
varioos  experiments  I  have  to  make  it  is  necessary  to  actoallj 
another  set  of  instnimcuts.  '[Apparaliu  shown.']  Before  repeal 
Faraday's  experiment,  let  me  duticribe  shortly  what  I  propose  to 
•ud  the  effect  to  be  observed. 

A  beam  of  plane  polarised  light  is  prodnced  by  passing  white  I 
from  this  eleotric  lamp  throagh  a  Niool's  prism.  To  understand 
nature  of  piano  polarised  light,  look  for  a  moment  at  this  other  i 


N 


id 


Fio.  I. 


gram  (Fig.  1).    It  represents  a  series  of  particles  displaced  in  a  cei 
regular  memner  to  different  distances  from  the  mean  or  eqnilibi 
positions  they  originally  had  along  a  striii»ht  line.    Thoy  are  ro 
in  the  directions  sliown  by  the  arrona  and  with  velocities  depeii< 
on  their  positions,  as  indicated  by  the  lengths  of  the  arrows.    Sa{^ 
a  certain  interval  of  tituo  to  elapse.     The  particles  will  have  ma 
in  that  time  to  the  positions  shown  in  this  other  diagram  (Fig.  3) 


■'.y 


^<- 


f-i. 


Fto.  2. 


the  same  sheet.  It  will  be  seen  that  the  velocities  as  well  as  | 
positions  of  the  particles  have  altered,  but  that  the  confijntrati(« 
the  same  as  would  be  given  by  the  former  diagram  moved  throl 
a  certain  distance  to  the  left. 

Thus  an  observer  looking  at  tho  particles  and  regarding  their  ( 
figuration  would  see  that  configuration  apparently  move  to  the  1 
and  this,  it  is  very  curefuUy  to  be  noteil,  is  a  result  of  the  transw 
motions  of  the  indtridual  particlos.  In  another  interval  of  time  tt 
to  the  former,  the  arrangement  of  particles  will  appear  to  have  mi 
a  further  distanuo  of  tho  same  amount  towards  tho  left 

This  transverse  motion  of  the  particles,  thus  sliown  displaced 
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their  eqntlibrimn  positions,  represents  the  vibration  of  the  medium 
which  is  the  vehicle  of  light,  and  the  right  to  left  motion  of  the  con- 
fignration  of  particles  is  the  ware  motion  resulting  from  that  vibration. 
I  do  not  say  that  the  medium  is  thus  made  up  of  discrete  particles, 
or  that  the  difforcDt  portions  of  it  vibrato  in  this  manner,  but  there 
is  undoabUjdly  a  directed  quantity  transverse  to  the  direction  in 
vhich  the  wave  is  travelling,  the  value  of  which  at  different  points 
may  be  represented  by  the  displacemeDts  of  the  particles,  and  which 
varies  in  the  same  manner,  and  results,  as  here  shown,  in  the  propaga- 
tion of  a  wave  of  the  quantity  concerned. 

In  fact  we  have  hero  a  representation  of  a  wave  of  plane  polar- 
ised light  The  directions  of  vibration  are  right  lines  parallel  at  all 
points  along  the  wave.  Ordin'iry  light  consists  of  vibrations  the 
directions  of  which  are  not  parallel  if  rectilinear,  and  each  vibration 
is  therefore  capable  of  being  reeulvod  into  two  in  directions  at  right 
angles  to  one  another.  The  Nicol's  prism  in  fact  splits  a  wave  of 
ordinary  nnpolarised  light  into  two  waves,  one  in  which  the  vibx'a- 
tions  arc  in  one  plane  containing  the  direction  in  which  the  light  is 
travelling,  the  other  in  a  plane  cuntaiuiug  the  same  direction,  bat  at ' 
right  angles  to  the  former.  One  of  these  waves  is  stopped  by  the  film 
of  Canada  balsam  in  the  prism  and  thrown  out  of  its  coiirse,  while  the 
other  wave  is  allowed  to  pass  on  nndisturbod. 

If  the  wave  thus  allowed  to  pass  by  one  Nicol's  prism  be  received 
by  another,  it  is  founil  that  there  are  two  positions  of  th©  latter  in  which 
the  wave  passes  frcoly  through  the  second  prism,  and  two  others  in 
which  the  wave  is  stopped.  The  prism  can  bo  tumod  from  one  posi- 
tion to  another  by  properly  placing  it  and  then  turning  it  round  the 
direction  of  the  ray.     It  is  found  that  if  the  prism  bo  thus  turned 


from  a  position  in  which  the  light  is  freely  transmitted,  we  come  after 
tnruiug  it  through  90°  to  a  position  in  which  the  light  is  stopped, 
KBiid  that  if  we  go  ou*  turning  tiirough  another  angle  of  90°  u  ]H>sitiou 
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is  reaclie<l  in  wbich  the  liglit  is  again  freely  transmitted,  and  80on,1 
ligbt  being  alternately  stopped  and  traoBinittcd  by  the  second  prisms  I 
snccessive  positions  90°  apart. 

The  mode  of  passage  of  the  wave  by  the  Nicole  when  their  pi 
are  parallel,  and  its  stoppage  when  tbc  planes  are  crossed,  are  illi 
trnted   by  this  diagram   (Fig.  3)  of  a  vibrating  cord  and   two  8li| 
When  the  slits  are  jiarallel,  the  vibration  which  is  passed  by  one  i' 
passed  by  the  other  ;  when  they  are  crossed,  a  vibration  passed  by  i 
ia  stopped  by  the  other. 

Two  planes  of  symmetry  of  the  prisms  parallel  to  the 
called  thoir  principal  planes,  are  parallel  to  one  another  « 
light  passes    through  both,  and  are  perpendicular    to   one 
when  the  light  passed  by  the  first  is  stopped  by  the  second.     We  i 
call  the  first  prism  the  polarising  prism,  or  th&  piflariter,  from  it«  * 
in  producing  plane  polarised  light;   the  other,    the  <inaly»er. 
stoppage  of  the  light  in  the  two  positions  180"^  apart  of  tljo 
prism,  and  its  passage  in  the  two  intermediate  positions,  show  that  I 
ligbt  passed  by  the  first  prism  is  plane  polarised. 


Fro.  4. 

Now  a  beam  of  plane  polarised  L'ght  ib  passed  through  tlie 
foratod  pole-pieces  of  this  largo  electro-magnet  (Fig.  4),  so  tiiat 
beam  travels  between  the  pole-fucos  along  the  direction  which  the  li 
of  force  there  would  have  if  the  magnet  were  excited  by  a  current, 
arrangement  of  the  apparatus  is  as  shown  in  the  diagram.  Thchgl 
is  polarised  by  the  prism  P,  passes  through  the  magnetic  fit>li),  w 
then  throngh  the  analysing  prism  A,  to  the  screen.  As  yon  see.  wbi 
the  second  prism  is  turned  ruund  the  ray  the  light  on  the  screen  alter* 
uately  shines  out  and  is  extinguished,  and  you  can  see  also  that  t^ 
auglo  between  the  positions  of  free  passage  and  extinction  is  90", 

I  now  place  in  the  path  of  the  beam  this  bar  of  a  very  rcmarkal 
kind  of  glass,  some  of  the  properties  of  which  wero  investigated 
Faraday.      It   is   a   very  dense  kind  of  lead  gloss,  which  may 
described  as  a  silicated  borate  of  lead  ;  that  is,  it  contain.s  Kilica,  bofic 
acid  and  loa<i  oxide.     The  beam  is  not  disturbed  altli       '  li{[bt 

passes  throagh  the  glass  from  end  to  end.     I  ni>w_ft<ljii- '  }=«»< 

prism  to  very  nearly  oompletti  extinotiou,  and  then  exoitu  lUt;  uajfaet 
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^Hf  the  room  is  sofficiently  darkened,  I  think  all  will  aeo  that  when  the 

^fenagnet  is  excitctl  there  is  a  very  perceptible  brightening  uf  the  dim 

Vpatcb  of  light  on  the  screen,  and  thnt   this  brigbttiuing  disappears 

when  the  current  is  removed  from  the  magnet.     This  is  Faraday's 

discovery. 

How  are  we  to  describe  this  result  ?  What  effect  has  been  pro- 
dnced  by  the  magnetic  field?  It  is  clear  that  the  direction  of 
vibration  of  the  light  emergiug  from  the  specimen  of  heavy  glass  has 
been  changed  relatively  to  the  priBin  so  that  the  light  now  readily 

»pMS08.  It  is  found,  moreover,  that  the  amount  of  turaing  of  the  direc- 
tion of  vibration  round  the  ray  is  prnpurtiuual  to  tho  length  of  the 
specimen,  so  that  the  directions  of  vibnition  at  different  points  along 
the  wave  within  the  specimen  lie  on  a  helically  twisted  surface,  and 
nay  be  regarded  as  represented  by  the  straight  rods  iu  the  model 
r  before  you  on  tho  table  (Fig.  6). 


Fio.  5. 


It  is  also  found  that  tho  amount  of  the  turning  depends  on  the 

,  intensity  of  tho  magnetic  6eld — is,  iu  fuel,  siinjily  proportional  to  that 

I  intensity.    Hence  the  turning  is  proportional  to  tho  mcnn  intensity  of 

Ithe  field,  and  to  the  length  of  tho  path  in  tho  medium,  that  is,  to  tho 

pro<luet  of  these  two  quantities.     It  also  depends  on  the  nature  of  the 

tocilium.    The  angle  of  turning  pr«jduced  by  a,  field  of  known  intensity 

when    the   ray  passes  thwnigh    bisulphide  of  carbon  has  been  very 

carefully  measured  by  Lord  liayleigh,  whose  results  are  of  great  value 

for  other  magnetic  work. 

The  law  of  proportionality  of  the  amount  of  taming  of  the  plane 
of  polarisation  to  the  intensity  of  the  magnetic  field  in  the  space 
in  which  the  substance  is  placed,  is  not,  however,  to  bo  regarded 
as  established  for  strongly  magnetic  substancos,  such  as  iron,  nickel 
or  cobnlt.  The  nialtcr  has  not  yet  been  completely  worked  out,  but 
the  turning  in  such  cuscs  seems  to  be  more  nearly  proportional  to 
the  intensity  of  maguctiMitiou,  a  different  quantity  from  tho  intensity 
of  the  magnetic  field  producing  the  magnetisation.     If  this  law  be 
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found  corr«ct,  the  aaglo  of  taming  will  be  proportional  to  the  pro- 
dact  uf  the  inteasity  of  magnetisation  and  to  the  length  of  the  path ; 
and  the  aogle  obeerTed  divided  by  this  prodnct  will  give  another 
constant,  which  has  boon  called  Kundt's  couBtaut. 

The  rotation  of  the  plane  of  polarisation  in  strongly  tnagnetieei 
sabstanoea  was  inrestigated  by  Enndt,  tbe  very  eminent  bead  of  tbs 
Physioal  Laboratory  of  the  Univereity  of  Berlin,  who  died  only  a 
year  or  two  ago.  Eandt  is  remembered  for  many  beaatifol  meUiodi 
which  he  introduced  into  quantitative  physical  work ;  bat  no  wnrk 
be  did  was  more  remarkable  than  that  which  he  performed  in  magneto- 
optic  rotation  when  he  encceeded  in  pasting  a  beam  of  plane  poll^ 
iaed  light  through  plates  of  iron,  nickel  and  cibalt  Such  snbstaDOU, 
though  apparently  opaqae  to  light,  are  not  really  bo  when  obtained  is 
plates  of  sufficient  thinness.  In  sufficiently  thin  films  all  metals,  so 
far  as  I  know,  are  transparent,  not  merely  to  Rontgen  rays,  but  to 
ordinary  light.  Kondt  uonoeiyed  the  idea  of  forming  such  filnu  of 
the  strongly  magnetic  metals,  so  as  to  investigate  their  propertie«  h 
regards  magneto-optic  rotation.  IIo  succeeded  in  obtaining  them  l)j 
electroplating  platinised  glass  with  such  thin  strata  of  these  nietali 
that  light  passed  through  them  in  sufficient  quantity  for  observatiao. 
The  rotation  produced  by  the  glass  and  tbe  exceedingly  thin  film  of 
platinum  was  determined  once  for  all  and  allowed  for.  Eondt 
obtained  the  remarkable  result  that  the  magnetic  rotatory  power  in 
iron  is  so  great,  that  light  transmitted  through  a  thickness  of  ooe 
ocnttmetre  of  iron  magnetised  to  saturation  is  tnrned  through  au 
angle  of  over  200,000°,  that  is,  that  light  passing  through  a  thickoesi 
of  an  inch  of  iron  magnetised  to  saturation  would  have  its  plane  of 
polarisation  turned  completely  round  more  than  a  thousand  times;  in 
other  words,  one  complete  turn  would  be  given  by  a  film  less  than  ^^ 
of  an  inch  in  tliickncss.  A  scarcely  smaller  result  has  been  found  br 
Du  Bois  for  cobalt,  and  a  maximum  rotation  of  rather  less  than  half 
as  much  by  the  same  experimenter  for  nickel. 

The  direction  of  turning  in  all  the  coses  which  have  so  far  been 
specified — that  is,  Faraday's  glass,  bisulphide  of  carbon,  iron,  nickel 
and  cobalt — is  the  same  as  that  in  which  a  curreut  of  electricity  would 
have  to  flow  round  the  spires  of  a  coil  of  wire  surrounding  the  specuaeo 
so  as  to  produce  the  magnetic  field.  This  we  call  the  ponilr<e  dilu- 
tion. There  are,  however,  many  substances  in  which  the  tumiog 
produced  by  the  magnetic  field  is  in  the  contrary  or  negative  directioD ; 
fur  example,  ferrous  and  ferric  salts  of  imn,  chromate  and  bichromato 
of  potassium,  and  in  fact  most  compound  substances  which  are  fwbl; 
magnetic. 

Faraday  established  by  his  experiments  the  fact  that  sabstanoa 
fall  into  two  distinct  classes  as  tested  by  their  behavioar  under  tb 
influence  of  magnetic  force.  For  example,  an  elongated  specimon  d 
iron,  nickel  or  cobalt,  if  freely  suspended  horizon  taUy  bet  we>en  the  pol<* 
of  our  electro-magnet,  would  set  itself  with  its  length  along  the  UdM 
of  force.     On  the  other  hand,  a  similar  specimen  o!  heavy  glass,  or  a 


1898.1 


on  Magneto-Oplic  Rotation. 


709 


I 


tubo  filled  with  biBnIphide  of  carbon,  would,  if  similarlj  suspended,  set 
itself  across  the  lines  of  force.  The  former  substances  were  there- 
fore called  bj  Faraday  paramagnetic,  the  latter  diamagnetic. 

It  might  bo  suppmed  that  diamagriutics  would  show  a  turning  effect 
opposed  to  that  found  in  paramagnetics,  but  this  is  not  the  case. 
As  wo  have  seen,  bisulphide  of  carbon  and  hoavy  glass,  which  are 
diamagnoticB,  show  a  turning  in  tlie  same  direction  as  that  produced 
in  iron — as  indee<l  do  most  solid,  fluid  and  gaseous  diauiagnetics. 
Feebly  pnramngnetic  compound  substances,  on  the  other  hand,  produce 
negative  rotation. 

A  theory  of  diamagnctism  has  been  put  forward  in  which  the 
phenomena  are  explaiiibd  by  suppusing  that  all  substances  ore  para- 
m.-\gT)etic  in  reality,  bnt  that  so-called  diamagnetic  bodies  are  less  so 
th&n  the  air  in  which  they  are  immersed  when  experimented  on.  Thus 
the  diamagnetic  quality  is  one  of  the  substances  relatively  to  air,  in 
the  same  kind  of  way  as  the  apparent  levity  of  a  ballimn  is  due  to  the 
fact  that  its  total  weight  has  a  positive  value,  but  is  less  than  that 
of  the  air  displaced  by  the  balloon  and  appendages.  Lord  Kelvin's 
dynamical  explanation  of  magneto-optio  , 

rotation  does  not  bear  out  this  view  of  « 

the  matter.  ' 

Before  passing  to  the  dynamical  ex- 
plahntion,  however,  I  must  very  sljortly 
call  attention  to  some  remarkalilo  dis- 
coveries in  this  subject  made  by  Dr. 
John  Kerr,  of  Glasgow.  I  have  here 
an  electro-magnet  arranged  as  in  tho 
diagram  before  you  (Fig>  C).  Tho  light 
from  tho  lamp  is  first  plane  polarised  by 
tho  Nicol  P,  then  it  is  thrown  on  tho 
piece  of  silvered  glass  G,  and  part  of  it 
is  thereby  reflectoil  thronfjh  this  per- 
forated pole-piece  so  as  to  fall  normally 
on  the  iK)Iishe4.1  point  of  tho  other  pole- 
piece.  Ueflectiou  thus  lakes  place  at 
perpendicular  incidence,  and  the  ro- 
fleoted  light  is  received  by  this  second 
Nicol.  When  the  magnet  is  unexcited 
the  second  Nicol  is  arranged  so  as  to 
quench  the  reflected  light.  The  mag- 
net is  then  excited,  and  it  is  found  that 
the  light  is  faintly  restored,  showing 
that  an  effect  on  the  polarisation  of  the 

light  has  been  produced  by  the  magnetisation.  It  is  to  be  noticed 
here  that  tho  incident  and  reflected  light  is  in  tho  direction  of 
magnetisation.  W'o  tshull  not  pause  to  make  this  experiment.  It 
was  arranged  this  morning  ami  successfully  carried  ont ;  but  the 
effect  is  slight,  and  might  not   bo   noticeable   nithont  precautions, 
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wludi  we  hM.n  btrdly  time  to  make,  to  exolivle  all  extTaneoas  lig 
&tMB  the  Mteen. 

It  woaU  f  iw^^fif  be  inoorrcct  to  say  that  the  plane  of  polarimtioo 
liaa  beat  wtotri  in  this  caee,  aa  it  Las  been  asserted  by  Ri^bi  that  tbe 
ligbl  altar  raBeutioa  ia  ao  longer  plane  polarised,  bat  tbat  there  are  twn 
oonponeata  of  ribratiun  at  right  angles  to  one  another,  so  related  ihit 
tbe  iiwiillihl  vibration  is  not  rectilinear  bat  elliptical.  There  is  there- 
fure  no  position  in  which  thb  analysiQi;  prism  can  be  placed  so  as  to 
extingmih  tbe  reflected  light  Tbe  tranaverae  component  necessary 
to  give  tbe  elliptic  ribratiun  is,  however,  in  this  case,  if  it  exists,  rery 
amall,  and  very  nearly  oomplete  extinction  of  the  beam  can  be  obtained 
by  tBming  tbe  analysing  prism  round  so  as  to  ^top  the  other  C(4 
ponent  ribration.  The  angle  throngh  which  the  priam  mast  be  ts 
to  affect  this  is  the  amonnt  of  the  apparent  rotation.  Tbe  direct 
of  rotation  is  rc^ versed  by  reversing  the  magnetism  of  the  refle 
pole.  Dr.  Kerr  found  that  the  direction  is  always  that  in  which  i 
cnrrpnt  flows  in  the  coils  prodacing  the  magnetisation  of  tbe  pol& 
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Dr  Eerr  also  made  experiments  with  light  obliqaely  incident  on  i 
pole-face,  with  the  arrangement  of  apparatns  shown  in  this  other  dii- 
grain  (Fig.  7).  He  found  that  the  preriousjy  plane  polarised  light  w»* 
by  the  reflection  rendered  slightly  elliptically  polarised.  A  slight 
turning  of  the  analysing  Nicol  was  necessary  to  place  it  so  a«  to  ctop 
the  vibration  correspiinding  to  the  long  axis  of  the  ellipse  and  so 
secnre  imperfect  extinction. 

Those  effects  are,  like  those  of  normal  incidence,  rery  small,  a&J 
they  can  hardly  be  shown  to  an  audience. 

I  must  now  endeavour  to  give  some  slight  account  of  the  tbeoii 
that  have  been  put  forward  in  explanation  of  magneto-optic  rotatifl 
'i'here  is  an  essential  distinction  between  it  and  what  is  sometitn 
called  the  natural  rotation,  the  plane  of  polarised  light  pnxlocei 
by  substances,  such  as  Boliitious  of  sugar,  tartaric  acid,  qnartz,ArM 
some  of  which  rotate  the  plane  to  the  right,  some  to  the  left     Whs* 
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light  is  sent  once  along  a  column  of  Any  of  those  siibetances  with- 
nat  any  magnetic  field,  its  plane  of  rotation  is  rotated  just  as  it 
is  in  heavy  glass  or  bisulphide  of  carbon  in  a  magnetic  field.  Bat 
if  the  raj,  after  paissiug  through  tlie 
colanm  of  sugar  or  qnortz,  is  received 
on  a  silvered  reflector  and  sent  hack 
again  through  the  column  to  the  stort- 
ing point,  its  plane  of  polarisation  is 
found  to  be  in  the  »>aie  direction  as  at 
first.  Quite  the  contrary  happcus  when 
the  rotation  is  duo  to  the  action  of  a 
magnetic  field.  Then  the  rotation  is 
found   to   bo   doubled  by  the  fornrard 

and  backward  pa88a;{e,  and  it  can  bo  increoserl  to  any  required  degree 
by  sending  the  ray  backward  and  forward  through  the  substance,  as 
shown  in  this  other  diagram  (Fig.  8). 

Thus  tbe  rotations  in  the  two  cases  are  esseutially  different,  and 
must  be  brought  B,\>oat  by  different  causes.  In  fact,  as  was  first,  I 
believe,  shown  by  Lord  Kelvin,  the  annulment  of  the  turning  in 
quartz,  and  the  reinforcement  of  the  taming  in  a  magnetic  field,  pro- 
duced by  »euding  the  ray  back  a^ikm  after  reflection  nt  tbe  surface  of 
an  optically  denser  medium,  points  to  a  peculiarity  of  structure  of 
the  medium  as  the  cause  of  tbe  turning  of  the  plane  of  polarisation  in 
•agar  solutiona  and  quartz,  and  to  the  existence  of  rotation  in  tbe 
medium  as  the  cause  of  the  turning  in  a  magnetic  field.  Think  of 
an  clastic  solid,  highly  incompressible  and  endowed  with  great  elas- 
ticity of  shape  and  of  the  same  quality  in  different  directions — a  stiff 
jelly  may  be  taken  as  an  example  to  fix  the  ideas.  Now  let  one 
portion  of  the  jelly  have  bored  into  it  a  very  large  number  of 
extremely  small  corkscrew-shaped  cavities,  having  their  axes  all 
tomed  in  the  same  direction.  Lot  another  portion  have  imbedded  in 
it  a  very  large  number  of  extremely  small  rotating  bodies,  spinning- 
tops  or  gyrostats  in  fact,  and  let  these  be  uniformly  diHtributod 
through  the  substance,  and  have  their  axes  all  turned  in  the  same 
direction. 

Both  portions  would  transmit  a  plane  polarised  wave  of  trans- 
verse vibration  travelling  iu  the  direction  of  tbe  axes  of  the  cuvitiea 
or  of  the  tops  with  rotation  of  the  plane  of  polarisation ;  but  in  the 
fonner  case  the  wave,  if  reflected  and  made  to  travel  back,  would  have 
the  original  plane  of  polarisation  restored;  in  the  latter  the  taming 
would  be  doubled  by  the  backward  passage. 

To  understand  this  it  is  necessary  to  enter  a  little  in  detail  into 
the  analysis  of  the  naturu  of  piano  polarised  light.  As  I  havs 
already  said,  the  elastic  solid  tfaeury  may  not  express  tho  facts  of 
light  propagation,  but  only  a  certain  correspondence  with  the  facts. 
But  its  use  puts  this  matter  in  a  very  clear  way.  In  a  ray  of  plane 
fiolarisod  light  each  portion  of  the  ether  has  a  motion  of  vibration  in 
a  line  at  right  angles  to  the  ray,  and  the  direction  of  this  line  is  the 
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I  for  e>cb  moTing  particle.  Tbe  lines  of  motion  and  the  r«l&tit 
pontions  of  the  partidee  in  a  ware  are  ahown  in  the  firat  diagram  aboi 
(Fig.  1).  As  the  motion  is  kept  ap  at  the  place  of  excitation  it 
propagated  out  by  the  elastic  refiistanoe  of  the  mediam  to  displaa 
ment,  and  the  configuration  of  particles  travels  oatwards  with  the  epm 
of  light,  traversing  a  wavc<-length  (repreeeuti 
in  the  diagram  by  the  distance  between  %t 
particles  of  the  row  in  the  same  phase  of  motioi 
in  the  period  of  complete  to-and-fro  motion  of 
particle  in  its  rectilineal  path. 

Now,  a  to-and-fro  motion  snch  as  this  can  1 

ooDccived  as  made  np  of  two  oppc^ite  uniform  aa 

eqnal  droolar  motions.    Think  of  two  distinct  particles  moving  in  tl 

two  eqnal  circles  A  B  in  this  diagram  (Pig.  ^),  with  eqnal  anifurg 

speeds  in  opposite  directions.    Lot  each  particle  be  at  the  top  uf  it 
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circle  at  the  same  instant ;  then  at  any  other  instant  they  will  be  ii 
similar  positions,  bat  one  on  the  right,  the  other  on  the  left  of  tb( 
vertical  diameter  of  the  circle.  Thus  at  that  instant  each  particle  i 
moving  downward  or  upward  at  the  same  speed,  while  with  whatevtl 
speed  one  is  moving  to  the  left,  the  other  is  moving  with  preciMl 
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that  speed  towards  the  rigbt.  Imagine,  now,  these  two  motione  to  be 
nnited  in  a  single  jiarticlo.  Tlie  vortical  motions  will  be  added 
together,  the  right  aud  left  motions  will  cancel  one  another,  and  the 
particle  will  have  a  motion  of  vibration  ui  the  vertical  direction  of 
range  equal  to  twice  tlio  diameter  of  the  ciroles,  and  in  the  period  of 
the  circular  motions. 

The  rate  of  increase  of  velocity  of  the  particle  at  each  instant  is 
the  rt^sultaut  obtaiued  by  properly  adding  together  the  accelerationa 
cf  the  t>articlos  in  the  circular  motions,  aud  thcreforo  the  force  which 
must  act  on  the  particle  to  cause  it  to  describe  the  vibratory  motion 
just  described,  is  the  resultant  of  the  forces  required  to  give  to  the 
two  particles  the  circular  motions  which  have  just  been  considerofl. 

Now.  what  we  have  done  for  any  one  particle  may  bo  conot^ived  of 
as  done  for  all  the  particles  in  a  wave.  To  Huderetand  the  nature  of 
%  wave  in  this  scheme,  we  must  tbiuk  of  a  scries  of  particles  originally 
in  a  straight  line  in  the  direction  of  propagation  of  the  ray,  as  dis- 
placed to  positions  on  a  helix  surronndiug  that  direction.    Fig.  A 


k 


Fill.  11. 

of  this  diagram  (Fig,  10),  regarded  from  the  lower  end,  and  tho  black 
spots  on  the  model  before  you,  show  a  left-handed  helical  arrangement. 
Let  these  particles  bo  projected  with  equal  speeds  in  the  circular  patlis 
represented  by  the  circle  at  tho  bottom  of  Yig.  A.  On  this  circle  are 
seen  the  apparent  positions  of  different  particles  in  tho  helical  ar- 
rangement when  it  is  viewed  by  an  eye  looking  upwards  along  its 
aiisl  This  motion  is  shown  by  that  of  the  black  spots  on  tho  surface 
of  tho  model  (Fig-  ll)i  when  1  set  it  into  rotation  about  its  axis. 
Let  the  particles  be  constrained  to  continue  in  motion  exactly  in  this 
manner.  As  tho  model  shows,  the  helical  arrangement  of  the  par- 
ticle* is  displaced  along  tho  cylinder.  This  is  tho  mode  of  propaga- 
tion of  a  circularly  polarised  wave,  which  is  made  up  of  helical 
arrangements  of  particles  which  were  formerly  in  straight  lines 
paralli^l  to  tho  axis. 

The  direction  of  propagation  of  the  wave  is  clearly  from  the 
bott<vm  of  the  diagram  to  the  top,  and  from  tho  end  of  the  model 
towards  your  left  to  the  other,  when  the  particles  have  a  right-handed 
notion,  aud  is  in  the  contrary  direction  wbon  tho  direction  of  rotation 
i«r«TcrEcd.     For  a  right-banded  helical  arrangement  the  direction  of 
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propagation  for  the  same  direction  of  motion  of  the  particles  ia  the 
opposite  of  that  jast  specified.  The  direction  of  propagation  remnini 
therefore  the  same  when  the  direction  of  motion  and  the  helical 
arrangement  of  the  particles  are  both  reversed.  All  this  can  be 
made  out  from  the  diagram.  Fig.  6  showa  part  of  a  right-handed 
arrangement  of  particles  oorreapomliog  to  the  opposite  arrangement 
of  Fig.  A  ;  and  if  the  particles  bare  the  motions  shovrn  at  the  bottom 
of  the  diagram,  the  propagation  will  be  for  both  in  the  same  direction 
frum  the  bottom  to  the  top. 
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In  Fig.  10  wo  suppose  the  periods  equal  and  also  the  watfr- 
lengths,  the  distance  jilong  the  axis  from  particle  1  to  particle  9. 
The  combination  of  the  circular  motions  A  and  B  gives  rectilinear 
motion ;  the  combination  of  the  wave  motions  of  Figs.  A  and  B 
gives  a  plane  polarised  wave,  the  plane  of  polarisation  of  which  doe* 
not  change  in  position.  If,  however,  while  the  periods  were  equal, 
the  wave-lengths  were  unequal,  as  shown  in  this  other  diagram  (Fig. 
12),  the  plane  of  polarisation  would  rotate,  as  shown  by  the  line* 
drawn  across  the  paths  in  the  figure  on  the  right,for  the  circular  motions 
of  particles  in  the  longer  wave  would  gain  on  those  in  the  shorter. 


1898.1 


on  Magneto-Optic  Rotation. 


716 


I 


I 


I 


A  little  coneideration  will  sliotv  ibat  the  direction  of  tlio  resaltant 
rectilinear  motion  will,  in  consequonce  of  the  unequal  speeds  of 
propagation,  turn  roimd  as  tbe  ware  advances,  and  will  do  so  in  the 
direction  of  motiou  of  the  particles  in  tbe  more  qnii^kly  travelling 
wave,  generating  the  screw  surface  shown  in  the  model  I  have  already 
exhibited. 

We  must  now  consider  the  forces.  The  particles  moving  in  the 
circular  pftths  have  acoeleratiuns  towards  tbe  centres  uf  these  paths, 
and  forces  mast  be  applied  to  them  to  produoo  these  accelerations. 
These  forces  are  applied  in  the  present  theory  by  the  action  of  tbe 
medium,  and  it  is  tbe  reactions  of  the  part  cles  oa  the  medium  that 
are  properly  called  the  centrifugal  forces  of  the  particles.  Tbe 
roqnisite  centreward  forces  then  are  supjtlied  by  the  state  of  strain 
into  which  the  medium  is  thrown  by  the  displacement  of  parts  of  it, 
which  form  in  the  undisturbed  position  a  series  of  stnitgbt  arrays  in 
tbe  direction  of  propagation,  into  these  helical  arningemeuts  round 
that  direction.  Tbe  greater  those  elastic  forces  tbe  greater  tbe 
Telocity  of  propagation  of  the  wave. 

In  an  elastic  medium  these  forces  depend  on  the  amount  of  the 
relative  displacements  of  the  particles,  and  will  be  greater  for  dis- 
placements in  the  right-band  helical  arrangement  than  for  displace- 
ments in  the  opposite  direction  if  the  medium  has  a  greater  rigidity 
for  right-handed  distortion  than  for  left,  and  tbe  right-tiAndcd  wave  of 
distortion  will  be  trauginitted  with  greater  speed,  and  vice  versa. 
This  is  the  case  of  solutions  of  sugar  and  tartaric  acid,  quartz,  &c., 
for  which  a  helical  structure  has  been  supposed  to  exist  in  the 
medium. 

Taking  this  case,  refer  to  Figs.  A  and  B  of  our  large  diagram 
(Fig.  10),  and  let  the  right-bnnded  wave  travel  the  faster.  Let  the 
waves  travel  up,  be  reficcte<l  at  tlie  upper  ends,  as  at  the  surface  of  a 
denser  me<liDiu,  and  then  travel  down  again.  The  reUected  waves 
are  those  shown  in  FigK.  A',  B'  of  the  diagrani.  Hy  the  reflection  the 
beliial  arratigemeut  will  be  unaltered.  But  the  plane  of  polarisation, 
as  we  have  seen,  turns  round  in  space  in  tbe  direction  of  tlie  motion 
of  the  particles  in  the  more  quickly  moving  wave ;  it  therefore  turns 
rouud  in  tlio  direction  of  the  hands  of  a  watch  as  the  wave  moves  in 
the  upward  direction  in  tbe  diagram,  and  in  the  opposite  direction 
when  the  wave  is  travelling  back.  Thus  the  rotation  of  the  plane  of 
polarisation  produced  in  the  forwanl  passage  is  undone  in  tbebackward. 

It  is  cosy  to  see  that  the  same  thing  will  take  pliioe  if  the 
reflection  is  at  the  surface  of  an  optically  rarer  medium,  so  that  the 
direction  of  motion  of  the  particles  is  t\\o  Kame  in  tbe  reflected  as  in 
the  direct  wave.  Tbe  helical  arrangements,  however,  ore  reversed  by 
the  refl<3ction,  and  hence  the  wave  which  travelled  the  more  quickly 
forward  travels  the  more  slowly  back,  and  again  the  turning  of  the 
pluie  of  polarisation  is  annulled  by  the  backward  passage.  Thus  Lord 
Kelvin's  hypothesis  of  dififorence  of  structure  completely  explains  the 
phenomena. 
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We  pMM  now  to  Uie  other  cue,  that  of  n»gnetn-optic  roUtion. 
Let  as  rappose,  to  fix  tlie  idatf,  th^t  the  nglit-Laaded  circolar  ny 
tnTcls  fikster  thui  the  other,  aiuI  that  whether  direct  or  rerened^ 
Here,  na  in  the  other  oae,  Iho  cliistic  reaction  of  the  niedinrn  on  tb« 
diepUuMd  particles  depends  ouly  un  the  distortiou,  anil  if  theru  lie  no 
«tn>ctar»I  pecoliaritj  in  the  medium  there  mast  be  the  same  mactiuo 
in  the  particles  in  both  the  circolar  wbycs  which  oumbiue  tu  tuJce 
np  the  plane  polarised  one. 

Thus  the  actions  on  the  particles  being  the  same  for  both  waras, 
and  the  velocities  of  propagatiun  being  diffurent,  the  motions  oon- 
eeraed  in  the  light  propagation  cannot  be  the  same.  There  mast  is 
fMt  be  a  motion  already  existing  in  the  medium  which,  oompouuded 
with  the  motions  concerned  in  light  propagation,  give  two  motions 
which  give  equal  reaotioos  in  the  medium  agaiust  the  oqmd  elastio 
foroee,  applied  to  the  particles  in  the  case  of  equal  helical  dispkoe- 
moots. 

Thus  Lord  Kelvin  supposes  that  in  the  medium  in  the  magnetic 
field  there  exists  a  motion  capable  of  beiug  compounded  with  tho 
lomiuiferous  motion  uf  eithur  circularly  polarised  beam.  The  Utter 
is  tliuB  only  a  compouent  of  the  whole  motion. 

In  tho  very  important  fAytCT  in  which  he  has  sot  forth  his  &eorj 
Lord  Kelvin  exproGBen  his  strong  conviction  that  his  dynafflie*! 
explanation  is  the  only  pissiblc  one.  If  this  view  be  corraet, 
Faraday's  iuagneto*optic  discovery  affords  a  demonstration  of  the 
reality  uf  Ampere's  theory  of  the  ultimate  nature  of  magnetism  Fut 
wo  huve  uidy  to  consider  the  particles  of  a  magnetised  body  u 
electrons  or  groups  of  charges  of  electricity,  ultimate  as  to  sniallnr^ 
rotating  about  axes  on  the  whole  in  alignment  along  the  direction  of 
the  magnetic  force,  and  with  a  preponderance  of  one  of  tho  t«o 
directions  of  rotation  over  the  other.  Each  rotating  molecnleisso 
infinitesimal  electro-magnet,  of  which  the  current  distribution  it 
famished  by  the  system  of  convection  currents  constituted  by  tiw 
moving  charges. 

The  subject  of  magneto-optic  rotation  has  also  been  considered  by 
Lormor,  and  two  types  of  theory  of  these  effects  have  been  iudicstcd 
by  him  in  his  report  on  the  '  Action  of  Magnetism  un  Light.'  One 
is  represented  by  Lord  Kelvin's  theory,  which  is  illustrated  l)j 
Maxwell's  chapter  on  molecular  vortieos  in  his  'Electricity  »od 
Magnetism.'  FitzGerald's  paper  "  On  tho  Electromagnetic  Thooiy 
of  the  Beflection  and  Rufroction  of  Light,"  in  the  '  PhilosopbioJ 
TronsactionB '  for  1880,  is  related  to  Maxwell's  theory,  and  «- 
plains  tho  rotation  produced  by  reflection  from  the  pole  of  a  magnet 
by  means  of  tho  addition  of  a  term  to  the  energy  of  tho  gysbffl. 
The  other  theory  is  also  a  purely  electromagnetic  one,  and  suppocet 
that  the  cfTocts  are  duo  to  a  kind  of  leolotropy  of  the  medium  set  op  bj 
tho  magnetisation,  and  so  attributes  them  to  a  change  of  stracton 
which  introduces  rotational  terms  into  tho  equations  connoctiug 
electric  displacements  and  electric  forcea    This  latter  theory  thcrufon 
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regarde  tho  magneto-optic  rotation  as  only  a  secondary  effect  of  the 
luagnctisatiou,  wLich  is  not  supposed  to  exert  any  direct  dyuamical 
influenco  on  tbo  trantiinissiou  of  the  ligbt-uAves. 

It  is  n<jt  iKjesiblo  here  to  enter  into  tho  subject  fif  tlicso  theories, 
bnt  I  should  like  to  direct  attoutiou  to  a  pa[>er  by  Mr.  J.  G. 
Leathern,  just  published  in  Ihu  '  Ptiilosophical  Traumctious,'  in 
-which  the  type  of  theory  just  referred  to  has  been  worked  out  and 
oomiutrcd  in  its  results  with  the  experiments  of  Sibsingh  ivnd  Zeeumn 
in  reflection.  These  investigntors  made  mensuremeiits  of  tho  phase 
sad  amplitude  of  the  magn<?t<Hoptic  component  of  tho  rcf!octe<]  light 
for  various  an(;los  of  iucideuce.  For  both  tho^e  quantities  tho 
tliooretical  rcsidta  of  Leathern  agree  very  well  with  tho  observed 
Taluee. 

Retoming  now  to  tho  gyrostatio  medium,  between  which  and  the 
electro-magnetic  theory,  it  is  to  bo  remembered,  there  is  a  corre- 
spondence, we  may  inquire  in  what 
way  the  gyrostats,  when  moved  by 
the  vibrations  of  the  mo<lium,  react 
np)n  it,  and  so  atl'cct  tho  velocity 
of  propagation.  The  motion  of  a 
gyrostat  is  oftt- n  regarded  as  mys- 
tcrioua,  and  it  can  hardly  be  fully 
explained  except  by  mathumatical 
investigation.  Bnt  tho  geucral  na- 
ture of  its  action  may  bo  made  out 
witbuat  much  difficulty.  First  of 
all,  a  gyrostat  consists  of  a  massive 
fly-wheol  running  on  bearings  at- 
tached to  a  case  which  mora  or 
loss  completely  encloses  the  wheel. 
Tho  miass  of  the  wheel  consists  in 
the  main  of  a  masuivo  rim,  which 
renders  as  great  as  possible  what 
is  called  the  moment  of  momentum 
of  tho  wheel  when  rotating  nbont  its  axis.  Tho  diagram  (Fig.  13) 
Fcprosents  a  partial  section  of  the  case  and  fly-wheel  of  a  gyrostat, 
showing  tho  arrangement  of  fly-wheel  and  bearings. 

Now  Itjt  the  fly-wheel  of  such  a  gyrostat  bo  rapidly  rotated,  and  the 
gyrostat  Ik:  hung  up,  as  shown  in  this  other  diagram  (Fig.  14),  with  the 
plane  of  the  fly-whet-l  vertical,  and  a  weight  alta4.;hcd  to  one  extremity 
of  tho  axis.  The  gyrostat  is  not  tilted  over,  but  begins  to  turn  round 
tho  cord  by  which  it  is  sus])Ouded  with  a  slow  angular  motion  which 
is  in  tho  direction  of  the  horizontal  arrow  if  tho  direction  of  rotation 
is  that  of  the  circular  arrow  shown  in  the  case.  The  same  thing  is 
shown  by  the  experiment  1  now  make.  I  spin  this  gyrostat,  and  hang 
it  with  the  axis  of  rotation  horizontal  by  passing  a  loop  of  cord  round 
one  end  of  the  axis  so  that  the  weight  of  the  gyrostat  itself  forms  tho 
weight  tending  to  tilt  it  over  about  tho  point  of  8UF:i)on8ion.     The 
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axis  of  rotation  here  ag*in  rttnuiiDS  noaxly  horizontal,  hot  turns  slowlj 
round  in  a  Lorisontal  plane  aa  before. 

The  explanation  in  general  terms  is  this.  The  weight  give*  t 
couple  tending  to  tam  the  gjrostat  about  a  horizontal  aria  at  ri^l 
angles  to  that  of  rotiition.  This  couple  in  aiij 
short  intorviil  of  time  protlnces  moment  of  momsft- 
tum  about  the  axis  sptcifiod.  the  amount  of  whiek 
is  the  moment  of  the  couple  multipliod  by  the  time, 
and  maj  be  represented  m  directiou  and  magnitod* 
by  tlie  line  O  B.  This  must  be  componndi  '^^~ 
the  moment  of  momentum  0  A  already 
about  the  axis  of  rotation,  and  gives  for  the 
moment  of  momentum  tiio  line  O  C,  which  is  tha 
direction  of  the  axis  of  rr>taticin  aft«r  the  lapse  of  tie 
short  interval  of  time^  The  axis  of  rotation  thai 
turns  slowly  round  in  the  horizontal  plane,  and  Hu 
more  slowly  the  more  rapidly  the  fly-wLeel  rotitea 
The  gyrostat  in  fact  most  have  this  jirecessiatuJ 
motion,  as  it  is  sometimes  called,  iu  order  that 
moment  of  momontom  of  the  gyrostat  about  a 
tical  axis  may  remain  zero.  That  it  must  rt> 
jL  zoro  follows  from  the  fact  that  there  is  no  ooople 

U  .  .  in  a  horizontal  plane  acting  on  the  gyrostsL 

Tbns  any  couple  tending  to  change  tbs 
direction  of  the  axis  in  any  plana  prodaoes  a 
turning  in  a  perpendicular  plane.  For  ex- 
ample, if  a  horizontal  couple,  that  is  about  t 
vertical  axis,  wore  applied  to  the  axis  of  the 
gyrostat  in  the  last  figure  it  would  tnru  about  a  horizontal  axis,  tl)»t 
is,  would  tilt  over. 

Again,  consider  a  massive  fly-wheel  mounted  on  board  ship  on 
horizontal  axis  in  the  direction  across  the  ship.     The  rolling  uf 
ship  changes  the  direction  of  tlte  axis,  and  ]>roduuos  a  couple  applii 
by  the  fly-whoel  to  the  bearings,  and  an  equal  and  opposite  ao 
appliod  by  the  bearings  to  the  fly-wheel.     This  couple  is  iu  the  plu« 
of  the  deck,  and  is  reversed  with  the  direction  of  rolling,  and  hu  its 
greatest  valae  when  the  rate  of  taming  of  the  ship  is  greatest.     Tbiu 
the  force  on  one  bearing  is  towards  the  bow  of  tbe  ship,  the  force 
the  other  towards  the  stern,  during  a  roll  from  ono  side  to  the 
and  these  forces  are  reversed  during  the  roll  back  again.     This 
gyrostatic  conple  exerted  on  its  bearings  by  the  armature  of  a  d; 
on  shipboard. 

In  the  same  way  when  a  gyrostat  is  embedded  in  a  medium  and  tbe 
medium  is  moving  so  as  to  change  the  direction  of  the  axis  of  roU- 
tion,  a  oonple  acting  on  the  medium  in  a  plane  at  right  angles  to  the 
place  of  the  direction  of  motion  is  brought  into  play.  To  fix  the 
ideas,  think  of  a  row  of  small  embedded  gyrostats  along  this  table,  with 
their  axes  in  the  direction  of  the  row,  and  their  fly-wheels 
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in  the  same  direction.  Now  let  a  wave  of  transverse  displacement 
of  the  medium  in  the  vertical  direction  pass  along  the  medium  in  the 
direction  of  the  chaiii.  The  vibratory  motion  of  each  part  of  the 
medium  will  turn  the  f^yrostatic  axis  from  the  horizontal,  and  there- 
by introduce  horizontal  reactions  on  the  medium.  Ai^alu,  a  wave  of 
horizontal  vibratory  motion  will  introduce  vertical  reactions  in  the 
medium  from  the  gyrostats. 

Now  a  wave  of  circular  vibrations,  like  those  we  have  already 
considered,  passing  through  the  medium  in  the  direction  of  the  chain, 
conld  be  resolved  into  two  waves  of  rectilinear  vibration,  one  in  which 
the  vibration  is  horizontal,  and  another  in  which  the  vibration  is 
vertical,  giving  respectively  vertical  and  horizontal  reactions  in  the 
medium.  The  magnetisation  of  the  medium  is  regarded  as  due  to  the 
distribution  throughout  it  of  a  multitude  of  rotating  molecules,  so 
small  that  the  rocdimn,  notwithstanding  their  presence,  soems  of  nui- 
form  quality.  The  molecules  have,  on  the  whole,  an  alignment  of 
their  axes  in  the  dircctiou  of  magnetisation.  These  reactions  on  the 
medium  when  worked  out  give  terms  in  the  equations  of  wave  propa- 
gation of  the  proper  kind  to  represent  magneto-optic  rotation. 

It  is  worthy  of  mention  that  the  additiou  of  such  terms  to  the  equa- 
tion was  made  by  McCullagh,  the  well-known  Irish  mathematician, 
who,  however,  was  unable  to  account  for  thera  by  any  physical  theory. 
The  necessary  physifal  theory  may  be  regarded  as  afforded  by  the 
mechanism  which  thus  forms  an  essential  part  of  Lord  Kelvin's  mode 
of  accounting  for  magnoto-^ptic  effects. 

Lord  Kelvin,  in  his  Baltimore  Lectures,  has  suggested  for  magneto- 
optic  rotation  a  form  of  gyrostatio  molocnlo  consisting,  as  shuwn  in 
the  figure,  of  a  spherical  sheath  enclosing  two  equal  gyrostats.  Those 
are  connected  with  each  other  and  with 
the  case  by  ball-and-socket  joints  at 
the  extremities  of  their  axes,  as  shown 
in  Fig.  15.  If  the  spherical  case  were 
turned  round  any  axis  through  the 
centre  no  disaligument  of  the  gyro- 
stats contained  in  it  would  take  ]ilacc, 
and  it  would  act  Just  like  a  simple 
gyrostat.  If,  however,  the  case  were 
to  undergo  translation  in  any  direction 
except  ^ong  the  axis,  the  gyrostats 
would  lag  behind,  and  the  two-link 
chain  which  they  form  would  bend  at 
the  centre.  This  bending  would  be 
resisted  by   the   qiiasi-rigidity  of  the 

chain  produced  by  the  n)tation,  and  the  gyrostats  would  react  on  the 
aheath  at  tlie  joints  with  forces  as  liefore  at  right  angles  to  the  plane 
in  which  the  change  of  direction  of  the  axis  lakes  place. 

The  general  re8ult  is,  that  if  the  centre  of  this  molecule  bo  carried 
with  uniform  velocity  in  a  circle  in  a  plane  at  right  angles  to  the  line 
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of  ftxes,  the  force  required  for  the  acceleration  towards  the  centre, 
and  which  is  applied  to  it  by  the  inodiiun,  is  greater  or  lees  accordiiig 
as  the  direction  in  vhich  the  molecule  is  carried  round  is  witb  or 
against  the  direction  of  rotation  of  the  gyrostats.  That  is,  the  effect 
of  the  rotation  is  to  virtually  increase  the  inertia  of  the  molecule  La 
the  one  case  and  diiuinish  it  in  the  other. 

These  moleciilos  embedded  in  the  mediam  are  snppoeod  to  bs 
exceedingly  small,  and  to  be  go  distribnted  that  the  medium  D)&y,  is 
the  oousidexatioQ  of  light  propagation,  be  regarded  as  of  nnifons 
quality.  Lord  Kelvin's  lost  form  of  molecule,  it  may  be  pointeil  oat, 
if  the  surface  of  its  sheath  adheres  to  the  medium,  will  have  efficiency 
as  an  ordinary  single  gyrostat  as  regards  rotations  of  the  moleculo, 


Fig.  16.— PutU  of  the  Bob  ofs  Oyrmtatio  Pendaium. 

Aa  the  penduluni  mov(>8,  it  possea  from  one  ray  to  another  on  tbe 
ojiptieite  side,  Mid  the  dirootiun  of  motion  lit  each  owing  ultera  ihmiii^h 
tlie  angle  between  two  raya.  Tbe  central  ports  of  the  rays  ore  left  otiL 
Tbe  marking  point  docs  not  pass  exactly  through  the  oeDtre. 


and  efiSciency  likewise  as  regards  translational  motion  of  the  oontro 
of  the  molecule.  The  former  efficiency  can  be  made  as  small  n*  iii*7 
be  desired  by  making  the  molecule  sufficiently  small ;  the  latter  mij 
be  maintained  at  the  same  value  under  certain  conditions,  howefct 
small  the  molecule  be  made. 

The  lately  discovered  effect  of  »  magnetic  field  in  giving  one 
period  of  circular  oscillation  of  a  particle  or  another  according  as  the 
particle  is  revolving  iu  one  direction  or  the  other  about  the  dirt'otioo 
of  the  majjnetio  force,  is  connected  with  magncto-ojitio  rotation. 
There  is  a  connection  between  velocity  of  propagation  and  freiiuoncj 
of  vibration,  which  is  exemplified  by  the  phenomena  of  dispirsion. 
In  the  Furaday  effect,  the  two  modes  of  vibration,  if  of  the  same  peno<i. 
have  different  velocities  of  vibration,  consequently  those  two  modt* 
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▼ibration  mnst  have  difieront  frequencies  for  tbo  stuno  Telocity 
propagation. 

Tho  Tibrations  of  the  molocules  of  a  gas  in  wbioh  the  Zeoman 
leot  is  produced  by  a  magnetic  field  may  bo  ropresented  by  tho 
notion  of  a  pcuduluui  tbo  bob  of  which  coutaius  a  rapidly  rotating 
rrostat  with  its  niia  iii  tho  direction  of  the  supporting  wire  of  tho 
andnluin.  The  period  of  revolution  of  tho  bob  when  moving  as  a 
Juicol  pendulum  is  greater  or  Iv.m  than  tho  period  when  tho  gyroBtat 
not  spinning  according  ob  tho  direction  of  revolution  is  against  or 
ith  the  direction  of  rotation. 

The   bob   when   defSooted  and   let   go   moves   in  a  path    which 

»natantly  changes  its  direction,  so  that  if  a.  point  attached  to  the  bob 

rites  the  path  ou  a  piece  of  paper,  a  star-shaped  figure  is  obtained. 

cause  the  gyrostatic  [Ksndulum  here  tuapcndod  to  draw  its  path  by 

stroam  of  white  sand  on  the  blackboard  placed  bolow  it,  and  you 

the  result. 

1  must  here  leave  the  subject,  and  may  venture  to  express  the 
bope  that  on  some  other  occasion  some  one  more  specially  nc<]^uuiiitod 
rith  the  electromagnetic  aspects  of  tho  phenoinonoQ  may  bo  induced 
I  plaoo  the  latest  results  of  that  theory  bofore  yon. 

[A.  G.] 
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ANNUAL    MEETING, 

Monday,  May  2,  1898. 

Sir  Jans  Criobton-Bbownk,  M.D.  LL.D.  F.R.S.  Treaanrer  nd 
y ice-President,  in  the  Chair. 

The  Annnal  Beport  of  the  Committee  of  Yisitore  for  the  jetf 
1897,  testifying  to  the  continued  pro8))erity  and  efficient  managemat 
of  the  Institution,  naa  read  and  adopted,  and  the  Keport  on  the  DiT;f 
Faraday  Research  Laboratory  of  the  Royal  Institution,  which  waeaUf 
panied  it,  was  also  read. 

Sixty-six  new  Members  were  elected  in  1897. 

Sixty- three  Lectures  and  Nineteen  Evening  Disoonrses  vera 
delivered  in  1 897. 

The  Books  and  Pamphlets  presented  in  1897  amounted  to  ahost 
260  Tiilames,  makin^;,  with  632  vulnmes  (including  PcriodioaLiboanii) 
purchased  by  the  Managers,  a  total  of  892  vulamcs  added  to  tha 
Library  in  the  year. 

Thanks  were  voted  to  the  President,  Treasurer,  and  the  Hunorvy 
Secretary,  to  the  Committees  of  Managers  and  Visitors,  and  to  th« 
Professors,  for  their  valuable  services  to  the  Institution  during  tha 
past  year. 

The  following  Gentlemen  were  onanimonsly  elected  as  Offioors 
for  the  ensuing  year : 

PBEStOKNT— The  Dake  of  Northumberland.  E.G.  D.C.L.  LLD. 

Tbk&sckkb — Sir  James  Crichtnu-Browne,  M. P.  LL.U.  F.R.8. 

SBOHJtTABT  —Sir  Froileriok  Braiuwell,  Bart.  D.C.L.  LL.D.  F.ILS. 
M.  Inst.  L'.E. 


Mamaokrs. 
Sir  William  Crookes,  F.R.S. 
Sir  Edward  Fmnklmd,  K.C.B.  D.C.L.  LL.D.  F.R.S, 
The  Right  Hod.  George  Joachim  UoicfaeD,  M.t'. 

D.C.L  LL.D.  F.R.S. 
Donsld  William  Charles  Hood,  M.D.  F.ltC.P. 
Sir  William  Hoggins,  K.C.B.  D.C.L.  LLD.  F.R.S. 
David  tdward  Hughei,  £<q.  F.R.S. 
Alfred  B.  Krmpe,  Esq.  M.A.  F.R.S. 
Hugh  LeonaH,  E«q.  M.Init.C.E. 
Thomas  John  Maclacao,  M.D. 
l.uilwig  Mond,  Esq.  Ph.D.  F.R.S. 
Alexander  Sieroens,  Esq.  M.  Init.  C.E. 
The  Hon.  Sir  Jiroea  Stirling.  M.A.  LLD. 
Sir  Henry  Thompson,  F.R.C.S.  F.R.A.S. 
Sir  Richard  Everard  Webster,  G.C.M.G.  M.P. 

Q.C,  LLD. 
Sir  William  Heorv  White,  K.C.B.  LLD.  D.Se. 

F.R.S. 


ViBITOBS. 

Sir  Alexander  Richardson  Binni«,  M.lw^t 

F.G.S. 
Sir  James  BIyth.  Bart.  JJ*. 
Charles  Vernon  Boys,  Etq.  F.B.& 
Edward  Dent,  Esq. 
James  Edmunds,  M.D.  M.R.C.P. 
Mauret  Homer.  Esq.  F.R.jk.S. 
Edward  Krartmeier,  Esq. 
Sir  FrancU  Laking,  M.D. 
T.  Lambert  Heart,  Esq.  M.A.  LLD. 
Lachlan  Mackintosh  Kate,  Esq.  M.A. 
John  Callander  Ross,  Eaq. 
William  James  Russell,  Esq.  Ph.D.  f^ 
Sir  James  Vaoghsa,  B.A.  J.P. 
James  Wimshnnl,  Eaq.  ,^ 

Alfred  Femandei  Yarrow,  C»].  M.  hAU 
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WEEKLY   EVENING   MEETING, 

Friday,  May  6,  1898. 

Sib  William  Crookeb,  F.II.S.  Vice-President,  in  the  Chair. 

Edwauo  a.  Minohin,  Esq.  M.A.  Follow  of  Mertou  College,  Oxford. 

E  Living  Crggtalr. 

Crtbtalb  ore  a  class  of  bodies  distingiiiahed  by  many  remarkable 
properties.      Their   definite    symmutricikl    forms,    limited    by   piano 
surfaces  meeting  at  slnirp  angles,  in  conformity  with  some  easily 
recognisable  typo  of  geometrical  figure ;  their  pociiliarities  of  cleavage 
and  etching;  their  growth  and  individuality,  moat  strikingly  mani^ 
fcstod   in  their   power  of  regeneration ;    and    finally,  their   optical 
properties;  each  and  all  of  those  charactoristica  suffiuioiitly  mark  out 
the  crystal  from  the  non-crystalline  body.     None  of  these  qualities, 
however,  are  in  any  way  due  to  the  action  of  life.     An  ordinary 
crystal  owes  its  peculiar  characteristics  entirely  to  the  action  of  the 
laws  of  inorganic  matter,  laws  which  admit  of  being  clearly  forinu- 
latc<l  and  accurately  calculated. 
^m        Crystalline  bodies  are  known,  however,  to  occur  which  have  been 
■deposited  within  living  bodies,  and  which  owe  their  origin  to  vital 
"  activities.     In  snch  cases  the  crystal,  while  identical  in  its  chemical 
composition  and  molecular  Btrncturo  with  crystals  of  inorganic  origin, 
may  exhibit  at   the  same  time  certain  pvculiarities  which  are  due 
J     entirely  to  the  oircumstanoes  of  its  origin.     In  this  way  an  uppor- 
^^tnuity  is  afforded  of  making  an  interesting  and  important  comparison. 
^f  On  the  one  band  we  have  the  inorganic  crystal,  owing  its  striking 
'     properties  to  the  action  of  physical  laws  which  can  bo  defined,  cal- 
culated and  artificially  reprotliicol,     Ou  the  other  hand  wo  have  the 
living  crystal,  aa  it  may  I*  termed  ('"  biucrystal "  Haeckel),  which 
exbibitii  certain  additional  features,  the  result  of  its  origin  amidst 
oouditions  which  no  one  has  succeeded  as  yet  in  imitating  or  explain- 
ing.    The  resemblances  between  the  two  kinds  of  crystal  are  snch  as 
are  due  to  the  intrinsic  properties  of  the  material  composing  thorn  ; 
'     the  ditferenoes  must  thurofore  be  the  effect  of  differences  in  the  sur- 
BTonndings  in  which  the  crystals  arise.     In  other  words,  those  points 
'in  which  a  living  crystal  differs  from  a  cryHtal  of  the  same  kind,  but 
of  inorganic  origin,  must  depend  ou  the  different  activities  of  living 
and  lifeless  matter.     Hence  a  careful  examination  of  the  peculiarities 
of  the  living  crystal  might  be  expected  to  throw  oonsidorttble  light 
upon  the  nature  of  life  and  the  pro^terties  of  living  matter. 

As  an  instance  of  r  crystnUine   body  which  occurs  both  as  an 
inorganic  substance  and  as  a  living  crystal,  we  may  take  calcite. 
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mfBcicntly  well  known  as  a  mineral,  and  forming  also  tbo  skelel 
many  forms  of  animal  life.  In  the  latter  condition  it  can  be 
Btmlied  in  the  very  simple  group  of  organisms  kuotrn  as  Ajbooii 
most  primitive  order  of  calcareoos  sponges. 

In  Ascons,  as  in  other  calcareous  sponges,  the  skeleton  is  mi 
of  minute  splinters  or  spicules  of  calcite,  which  always  conform  I 
of  three  types  of  form ;  ( 1 )  rod-like  or  needle-shaped  spicules,  a 
more  or  lees  cnryed,  and  always  with  unlike  enda ;  (2)  thi«e»ra] 
triradiate  spicules,  having  each  three  rays  meeting  at  a  central  I 
and  (3)  fotir-rayed  or  (juadriradiate  spicules,  consisting  each 
basal  system  of  three  rays,  exactly  similar  to  the  triradiatc  spi 
and  an  additional  or  fonrth  ray  tacked  on  to  it.  The  tlu«e  basa 
may  thcroforo  be  termed  the  triradiate  lyslem  in  the  three-raye 
four-rayod  spicules  alike,  irrespective  of  the  presence  or  absel 
the  fniirtli  ray. 

With  regard  to  the  triradiate  systems,  it  may  further  be  : 
that  three  classes  can  be  distingnished  amongst  them.  SometiiM 
three  rays  are  unequal  in  size,  and  irregular  in  arrangement,  m 
a  figure  which  is  quite  asymmetrical ;  such  forms  are,  however,] 
paratively  rare.  More  usually  the  triradiate  systems  exliibit  a  dsl 
syniniotry  which  follows  one  of  two  patterns.  In  the  first  plac< 
rays  may  meet  at  equal  angles,  so  that,  irrespective  of  the  na( 
development  of  the  rays  themselves,  the  spicule  is  symmetrical  i 
three  planes.  In  the  second  place,  the  angles  may  be  such  tha 
Bpioole  shows  a  marked  bilateral  symmetry,  having  an  nnp 
and  two  paired  angles,  with  corresponding  unpaired  and  paired 
Thus  irregular,  regular  and  sagittal  forms  of  the  triradiatc  sj 
can  be  distinguished,  each  of  which  may  have  an  extra  ray  ^ 
on,  and  so  become  quadriradiate.  The  fonrth  ray  may  be  stn 
or  curved,  long  or  short,  smooth  or  spined,  but  all  its  vans 
are  quite  independent  of  the  variations  of  the  rays  of  the 
system. 

Although  the  spicules  of  Ascons  often  exhibit  very  deHnita 
syiouietricai  patterns,  it  is  obvious  that  their  forms  do  not  in  the 
resemble  those  of  the  inorganic  calcite  crystal,  and  from  their  out 
appearance  it  would  bo  impossible  even  to  suspect  them  to  have 
thing  in  common  with  the  calcite  crystal.  In  fact,  several  fea 
seen  in  the  8j)iciUe8  in  question  nro  the  exact  opposite  of  those  ab 
terislic  of  crystals.  Few  things  are  so  remarkable  in  ciystals  N 
fact  tliftt  thtir  parts  are  so  couuected  together  that  one  port  ci 
vary  independently  of  other  parts,  a  property  well  seen  in  the 
regulating  the  addition  of  new  faces  during  growth.  But  it 
spicule  any  part  can  vary  independently  of  the  rest.  The  rod 
forms  always  have  tlie  two  ends  unlike  ;  the  triradiate  may  haK 
the  rays  unlike,  and  of  different  sizes ;  and  it  is  the  rarest  thil 
find  a  quadriradiate  with  the  apical  ray  similar  to  the  basal  raya 

In  spite  of  their  remarkable  divergence  from  the  nsnol  crysta 
form,  liowever,  it  is  easy  to  prove  not  only  that  the  Epioulel 
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fcryRtals,  bnt  also  tb»t  each  one  is  a  single  crystal,  a  fact  diBcovered 
independently  by  Sollas   and   Ebnor.      Tlioir  crystalline  nature  is 
shown    both  by  their  behaviour  to    polarised  light  aud  by  etching 
I  experiments.     They  do  not  answer  to  the  cleavage  test  bo  satisfac- 
ilorily,  probably  on  account  of  the  organic  matter  with  wliich  their 
janbtitanue  is  iutcrpcnetrateil.     But  other  tests  show  them  to  be  true 
icalcite  crygtala,  distinguished,  however,  by  a  pecoliar  form,  which 
cut  best  bo  illustrated  by  imagining  each  spicule  to  have  been,  as  it 
Lwere,  out  by  a  lapidary  out  of  a  single  block  of  crystal,  just  as  a 
idiaiuund  is  cut  into  a  faceted  form  which  is  not  that  of  the  natural 
'diamond  crystal.     This  comparison  must  only  bo  tnken  as  an  illustra- 
tion, however,  and  not  as  a  description  of  how  the  spicule  is  formed, 
for  it  is  not  curved  out  of  a  block,  but  is  built  up  to  its  shape,  just  as 
a  stone  house  is  not  hewn  out  of  solid  stone,  but  built  np  of  separato 
stones. 

It  is  seen  that  the  great  diference  between  the  living  and  the 
lifeless  crystal  is  one  of  external  form.  In  view  of  the  regularity 
and  symmetry  of  the  oalcite  crystal,  and  the  very  precise  geometrical 
laws  that  govern  its  form,  the  difToroncos  in  this  respect  exhibited 
by  the  living  crystal  become  very  striking.  It  is  evident  that  some 
disturbing  influence  must  be  at  work  which  interferes  with  the  natural 
development  of  the  crystal.  Wo  know  that  if  a  ciilcito  crystal  deve- 
lops of  itself,  it  assumes  a  certain  foim.  In  order  to  discover  what 
has  caused  the  living  crystal  to  take  on  its  curions  and  unusual 
growth,  we  must  examine  the  conditions  under  which  it  has  arisen. 
Hence  it  is  now  necessary  to  leave  for  a  moment  the  cryEtalltne  aspet^t 
of  these  spicules  and  look  at  them  from  another  point  of  view,  as 
portions  of  a  living  body.  To  do  this  we  must  understand  something 
of  the  animal  which  has  produced  thom  and  the  part  which  they  play 
in  ita  internal  economy. 

The  simplest  calcareous  sponge  or  Olynthns  is  an  organisra  Tory 
easy  to  understand.  It  can  be  compared  to  a  thin-walled  rase,  with 
a  wide  opening  at  the  top,  and  a  great  many  minute  openings  or  ]>oreB 
on  the  sides.  During  life  an  internal  mechanisiu  produces  a  current 
of  water  which  flows  in  through  the  pores  into  the  cavity  and  posses 
out  by  the  opening  or  osculum  at  the  summit.  All  calcareous  sponges 
start  life  in  this  condition,  and  the  fnrm  and  structure,  whatever  it 
may  bo,  which  they  have  when  full  grown  depends  simply  on  the 
manner  in  which  the  Olynthns  grows.  Hence  this  organism  may  bo 
considered  aa  representing  probably  the  primitive  type  of  spouge 
which  was  the  ancestor  of  the  whole  group,  and  which  is  not  found 
anywhere  at  the  present  day  as  an  adult  form,  but  occurs  always  in 
the  life^history  as  a  ti-ansitory  stage,  in  which  the  structure  of  the 
sponge  is  found  reduced  to  its  simplest  terms. 

Now  the  wall  of  the  young  sponge  is  very  thin  and  delicate,  and 
conld  not  BUppurt  itself  were  it  not  for  the  spicules  which  stiffiiu  it. 

I  When  the  body  wall  is  examined  more  closely  it  is  seen  that  the 
Vol.  XV.    (No.  02.)  3  b 


Mr.  Eimmd  A.  Mimekim 


V^% 


tad  BnagWDeDt  of  the  q>iciiles  htve  m  definite  relation  to  its 
In  the  simplest  CMea  onlj  tnndt*les  are  present,  and 
ikgj  ue  ■Ringed  in  •  «tn^  l^jer,  all  placed  vith  one  nj 
pointtng  domniazdi,  awaj  fron  the  opeaii^  at  the  top.  The  nji 
of  difhieat  eptcaks  OTerLqi  and  eroaa  one  another,  and  ao  prodnce  t 
■art  ot  lattioe-vork,  with  medbea  rather  like  a  honeycomb.  In  tlw 
meahea  an  plaeed  the  pores,  and  at  fint  the  arnuiganent  is  sack 
that  there  are  the  same  nnmber  of  poree  and  spicolos,  the  rwilt 
being  that  each  epicole  baa  a  pore  in  each  of  the  interspaces  betweeo 
the  anas.  As  the  sponge  grows,  howerer,  new  pores  and  new  spicolei 
are  constantly  being  formed,  bo  that  the  simple  arrangement  is  opsit 
to  Bome  extent,  though  the  same  general  pattern  can  be  m&de  oat. 
When  an  extra  fourth  ray  is  added  on  to  the  triiadiate  system,  it  ii 
always  placed  so  aa  to  project  into  the  cavity,  and  if  the  extra  nj 
is  curred,  it  always  points  np  towards  the  large  opening  at  the  tnp. 
If  simple  needle<shaped  spicules  are  present  they  are  always  pUced 
on  the  outside,  with  the  straight  portion  of  the  shaft  embedded  ia  tka 
wall,  and  tho  curred  portion  sticking  out  into  tlie  water. 

The  relation  of  the  spicoles  to  the  stnictnre  of  the  sponge  shon 
that  they  have  a  definite  function  to  perform  and  an  important  part 
to  play  in  the  economy  of  tbe  organism  that  has  produced  tiMB. 
Their  function  is  partly  one  of  support,  partly  one  of  proteetioa. 
Given  a  vase-like  organism,  with  a  thin  porous  wall,  what  are  tbt 
architectural  raquirements  of  a  supporting  and  protecting  framnvk 
for  it,  supposing  that  for  the  material  of  the  framework  rods  of  cal' 
cite  are  to  be  employed  V  The  simplest  solution  of  the  problem  woold 
be  to  place  the  ro<lB  in  the  body  wall,  so  that  one  or  more  como  to  lie 
between  each  of  the  pores.  Such  an  nrraQgement  would.  howeMT, 
be  far  from  perfect,  since  on  the  one  band  a  skeleton  of  loose  nnoon* 
nectcd  rods  is  not  very  strong,  and  on  the  other  hand  it  does  not 
afford  any  protection.  Honce  the  next  step  in  the  evolution  of  ibe 
framework  is,  on  tlia  one  band,  to  bend  some  of  the  rods  to  tint 
they  point  outwards,  and  so  cover  the  outride  with  a  forest  of  sLsrp 
spikes ;  and,  on  the  other  hand,  to  join  up  some  of  the  loose  rods  is 
the  wall  and  nnite  them  into  composite  systems.  Now  of  all  <^ 
systems  that  could  be  devised  by  joining  rods  together,  none  oooU 
be  more  suited  to  the  type  required  than  the  triradiate  figure  pro- 
duced by  joining  three  rods  only.  In  the  first  place  each  tril»di«t» 
corresponds  perfectly  to  the  natural  interspaces  between  the  porat 
which  if  disposed  so  as  to  best  economise  space,  take  on  an  anan^ 
meut  ID  alternating  rows,  so  that  each  pore  is  surrounded  by  six  othsn 
at  equal  distances,  forming  a  hexagon.  In  short,  the  arrangement  of 
the  ])or*i8  repeats  the  familiar  problem  of  the  angles  of  the  cellD  tt 
the  houeycomb,  and  the  triradiate  spicules  correspond  exactly  to  t^ 
iiitersjiaces.  Secondly,  it  must  be  remembered  that  the  sponge  hK 
to  live  in  waves  and  currents,  and  its  framework  requires  a  oertsin 
amount  of  flexibility  as  well  as  strength.     This  condition  also  is  M 
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[fulfilled  bj  tho  triradiate  Bystems,  wbich,  wliilc  aopporting  the  wall, 

[allow  it  n  great  deal  of  freedom  to  bond  and  jield  iiuder  the  action 

)f  powerful  currents.     Were  the  rods  uiiitod   iuto  cnore  extensive 

[sjrstome,  however,  so  as  to  form  lattice  plates  or  a  continnous  trellis- 

[work,  we  should  get  a  framework  of  greater  strength  but  of  dangerous 

brittlcness,  unable  to  withstand  any  violent  shock.     It  is  easy  to 

nnderi^taud,  therefore,  the  evolution  of  the  curved,  rod-like  spicules 

ton  the  one  hand,  and  tlio  triradiate  systems  on  the  other.     The  next 

problem  is  to  plan  out  a  scheme  of  defence  for  the  inoor  surface  like 

I  the  palisade  with  which  the  exterior  is  defended.     This,  of  course,  is 

sily  done  by  making  some  of  the  rods  project  into  tho  interior.    But 

i>r  reasons  of  internal  economy  it  wmilJ  bo  iuconvenicnt  for  the 

pttpikes  on  the  inner  surface  to  slant  out  frum  it  like  those  outside. 

Considerations  of  interior  comfort  require  here  that  tho  spikes  should 

start  straight  out  from  the  wall,  oven  though  thoy  curve  at  their  tips. 

'  Now  the  spikes  require  support,  and  this  cannot  be  obtained  in  the 

soft  wall  of  the  sponge,  toa  thin  to  hnhl  firmly  a  spicule  stuck  at 

right  angles  to  its  surfaco,     Thefie  difficulties  are  overcome,  however, 

by  the  upright  spike  being  stuck  on  to  tho  triradiate  system,  and 

this  done,  tho  result  i^  at  once  a  quadriradiato  spicule,  a  great  addition 

I  to  the  strength  and  stability  of  tho  sponge  structure.     For,  in  tho 

£nit  place,  the  quadrirudiates  constitute  a  formidable  armament  to 

obstruct  the  entrance  of  intruders.     In  the  second  place  they  fit  in, 

rso  to  speak,  with  a  method  by  which  the  sponge  is  accustomed  to 

[protect  itself  against  hard  times.      When  exposed  to  unfavourable 

leonditions,  Asoons  contract  thomsclves  very  greatly  and  so  become 

[inuch  more  rigid,  since  their  wall  becomes  much  thicker  and  their 

[cavity    much    smaller,   sometimes    vanishing   altogether.      When    a 

I  sponge  with  quadriradiate  spicules  contracts  to  a  certain  point,  the 

[{>rojecting  rays  interlock  in  the  interior  of  the  cavity,  and,  in  this 

[way  the  fragile  organism  attains  a  much  greater  rigidity  and  power 

''  reaiatanoe  to  the  action  of  external  forces. 

It  in  thus  seen  that  the  throe  classes  of  apicules  are  just  those 
[which  are  best  fitted  for  supporting  and  protecting  an  organism 
[Laving  the  structure  of  tho  simjile  sponge  or  Olynthus,  which  has 
[been  described.  But  this  process  of  adaptation  can  be  traced  still 
ifnrtber.  It  has  already  been  pointed  out  that  the  symmetrical  tri- 
[tadiate  systems  can  be  divided  iuto  two  classes,  sagittal  and  regular. 
iTo  understand  tho  significance  of  these  two  forms  it  is  necessary  to 
■fiance  at  the  further  growth  of  the  Olynthus. 

In  Ascons,  tho  primitive  vase-liko  organism  elongates,  while  at 
be  same  time  its  wall  becomes  folded  and  bulged  out  to  form  hollow 
»<itgrowtbs,  each  like  the  finger  of  a  glove.  The  outgrowths  con- 
[tinue  to  increase  in  length  and  become  branched,  and  finally  join 
Tlogethor  so  that  a  network  of  hollow  tubes  is  formed,  clustered  round 
[the  primitive  osculum  of  tho  Olynthus,  and  also  giving  rise  to  new 
[oscnla   of   tho   same    kind,   which    rise   up   from   tlio  network   like 
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AJMiimjri  I&  tluB  peenliAT  growth  two  dtstanet  tjpes  »re  fouuL 
Iw  oae  ^pe  {Ctatkrima)  tim  tabes  iom  •  close  network  opening  br 
•  ttm  mtt  otr«l>,  wmDj  twtj  {oemqiicaoas.  In  the  other  trpn 
{Lmtaaeliuia)  the  apaage  bm  a  tiKii«  erect  fonn  maH  eonsifits  chicdj 
of  the  eMupiffBO—  ehtniiieji,  wulal  by  m  incouBpieooas  network  of 
ibaU  tabes.  Nov  in  tbe  former  t]rpe  of  errliitectare  tbe  preesnnt 
■ad  atrataa  in  tbe  network  of  tabes  s»  dilTerent  st  different  spoti, 
sad  aanmi  bemd  to  predMninste  in  onedirectiou  more  tban  snolhw. 
Benoe,  iaCSatbrina,  we  nugbfr  expect  to  find  a  t/pe  of  epii-ale  sdapted 
ta  these  eoaditioiM,  and  sa  a  aiatter  of  &ct,  tho  predomiaiuit  Epical* 
heflw  is  the  triiadiate  with  eqaal  rajs  and  eqnal  angles :  that  is  to  sty, 
aa  eveely  balanrwl  form  fitted  to  resist  twmaons  in  any  dtreotioa 
eqaallj.  Bat  oeeasioaally  a  Clathrina  growB  in  a  more  ereet  ani 
rUlkod  form,  and  then  strkias  in  a  rertical  direction  predomiiMte; 
in  each  a  tsee  (p  "  '*'  ^''nra,  CI.  laeunona)  the  arm  of  the  apicnk, 
which  ii  placed  ^  .  laecotnes  greatlr  strengthened,  e${>eciAll; 

ia  oertaia  regioos,  lac  uuier  two  arms  remaining  email,  eometimes  mj 
mneh  so.    In  all  eases,  howerer,  tbo  eqxial  angles  are  still  retained. 

In  Leacwsolenia,  oo  the  other  band,  the  erect  growth  reqains 
Btrengtheaiag  diiefly  in  a  vertical  dirt<ctioQ,  and  the  furtn  of  tU 
triradiate  spicole  is  at  once  seen  to  correspond  with  this,  baring 
paired  angles  and  a  form  which  at  onoe  paggeste  adaptatiou  to  prestsia 
in  one  dueotion  rather  tlian  another.  The  spicules  are  placed  with 
great  regnlarity,  the  unpaired  ray  directed  vertically,  and  tbe  painfi 
rays  horizontally,  so  that  the  whole  forms  a  heaattful  bo.'^t't-woHc, 
stiffianedby  vertical  ribs  and  held  together  by  boriaontal  girders.  It 
is  thus  seen  that  even  sabordinate  peculiarities  of  form  haye  tlmir 
special  naes,  which  are  evident  when  studied  in  connection  with  tht) 
wcbitectnral  requirements  of  tbe  whole  organism. 

The  result,  therefore,  of  an  inquiry  into  the  relations  betwMO 
the  living  crystals  and  the  organism  by  which  they  are  formoi,  ia 
as  follows :  that  both  in  their  form  and  arrangement  tbo  spicolM 
represent  a  most  exqnisite  piece  of  engineering,  and  are  to  be  re- 
garded as  adapted  tu  support  and  protect  the  fragile  and  deliotte 
body  wall.  Moreover,  the  history  which  has  Iteen  traced  for  tiie 
development  of  the  spicules  is  shown  to  be  not  altogether  imagiosiy 
by  tbe  facts  of  tbe  development  of  the  spicules,  which  may  noirbs 
briedy  oonsiderod. 

The  calcareous  spicales  are  formed  within  cells,  derived  from  tiw 
external  layer  of  the  body  wall,  but  each  ray  or  branch  oww  tt« 
origin  to  a  distinct  cell.  In  the  simplest  case  one  cell  forms  a  singl*' 
rod-like  spicule,  and  when  a  very  large  rod  is  to  be  f  jrmed,  ^ 
inoiher  cell  may  multiply  into  two  or  more  daughter  cells.  Whc 
a  triradiate  is  to  be  forme<l,  three  mother  cells  come  togetLer,  «»* 
for  each  ray,  and  after  each  has  divided  into  two  daughter  cells,  ibsj 
secrete  three  separate  rods,  which  sooner  or  later  become  joined  •*■ 
getber  tu  form  the  spicule.     When  a  quadriradiate  ia  to  b<.'  U^TBuii 
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>  romarkablo  Borics  of  events  takos  place.  First,  three  cells  come 
together  and  fornt  a  trinuliato  system  in  the  nsu&l  way.  Theit  a 
(%11  is  given  oS  by  the  division  of  tlio  acarest  pore  cell,  and  this 
■Bell  travels  to  the  little  triradiato  spiculo  and  takes  np  a  position 
^ver  it,  on  its  inner  side.  Then  the  cell  secretes  a  little  rcid  of 
calctto,  which  is  stuck  on  to  the  triradiate  system,  converting  it  into 
a  four-rayc^l  spicule,  so  that  not  only  is  the  fourth  ray  a  late  addition 
to  the  basal  system,  but  it  is  derived  from  quite  a  different  source, 
the  basal  rays  being  formed  by  Cflls  of  one  class,  the  fourth  ray  by 
•  cell  of  a  different  class.  The  devclopmoiit  of  the  triradiate  and 
qnodriradiato  spicules  sbowa  them,  in  fact,  to  bo  composite  bodies, 
built  up  of  a  number  of  skeletal  elements,  each  a  simple  ri>d.  This 
is  remarkable,  and  even  paradoxical,  in  view  of  the  fact  already  men- 
tioned, that  each  spicnle,  when  full  grown,  is  a  single  crystal.  In 
their  earliest  stages,  however,  it  is  fuuud  that  the  minute  triradiato 
syittems  are  at  first  non-crystalline,  and  only  become  so  after  tho 
rays  have  been  joined  together.  Then,  since  all  parts  are  in  con- 
tinuity, the  crystallisation  takes  place  in  snch  a  way  that  all  parts 
of  tho  spiculo  havo  a  nniform  molecular  arraugemont,  prodticiug  not 
three  or  four  separate  crystals,  as  might  at  first  sight  have  been 

fpeoted,  bot  a  single  one. 
Itiaaeen,  therefore,  that  tho  primitive  skeletal  element  in  Asoons 
s  simple  rod,  and  that  the  general  course  of  evolution  was  such  as 
lias  been  traced  out,  some  rods  remaining  single  but  growing  out  from 
the  surface;  others  becoming  arranged  in  trios  and  forming  triradiate 
systems ;  and  others,  again,  becoming  tacked  on  to  the  triradiates  to 
form  the  four-rayed  spicules.  But  how  did  tho  primitive  skeletal 
elements,  the  nxls,  themselves  originate  ?  Unless  an  intelligible  origin 
can  be  suggested  for  them,  there  is  a  gap  in  tho  scheme  of  evolution. 
Now  any  living  orgauisui,  ho%vever  simple,  is  composed  of  matter 
which  is  in  process  of  constant  change  and  transmutation.  As  a 
remit  of  metabolism,  substances  of  all  kinds  are  continually  being 
formed,  and  amongst  thuni  miiny  of  crystalliuo  nature,  which  may  bo 
dcpo«ite<l  from  a  state  of  solution  and  crystallise  out.  Hence  it  is 
not  uncommon  to  find  ordinary  crystals  in  living  tissues,  crystals 
which  show  no  sign  of  having  any  origin  at  all  out  of  the  common, 
and  which  must  be  supposed  either  to  be  of  no  use  to  tho  organism 
that  produced  them,  or  at  least  to  perform  some  function  for  which 
their  external  form  is  not  of  great  importance.  It  is  a  rational  sup- 
aition,  therefore,  that  tho  spicules  of  Ascons  also  had  at  one  lime  tho 
as  well  as  tho  ootmlitution  of  crystals,  and  originated  simply  as 
ve-productB,  so  to  speak,  of  the  wear  and  tear  of  tho  living  substance, 
non.  however,  it  became  of  importance  to  the  organism  that  tlioy 
boold  havu  one  form  rather  than  another,  then  their  natural  form 
beoamo  miHiified  and  complotoly  altered.  Now  this  is  tho  most 
obscnre  portion  of  all  (heir  history,  how,  namely,  tho  living  substanco 
<aa  to  act  upon  tho  growing  crystal  as  to  causo  it  to  assumo  a  form 
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which  is  not  that  which  it  would  natnrally  assnine.  We  can  < 
tliat  it  does  so,  and  that  not  only  in  this,  bnt  in  many  ot 
living  bodies  appear  to  have  the  power  of  modifying  and  tnuisfortnia| 
their  component  materials  in  a  way  which  we  are  far  from  nadir' 
standing.  No  sooner,  however,  is  this  myfiterious  change  effected 
than  the  crystal  has  crossed,  so  to  speak,  the  line  which  fiep 
living  from  the  lifeless  world,  and  mast  now  be  regarded 
entirely  diflferent  standpoint,  that  is  to  say,  as  a  part  of  •  livingl 
As  snch  it  is  subject  to  new  inflnoncea  and  is  governed  by  new 
which,  as  it  were,  override  those  by  which  the  lifeless  crystal  { 
In  the  first  place,  it  must  be  supposed  tliat  each  spicule,  had  i 
deposited  in  an  inorganic  matrix,  would  have  had  the 
contours  of  an  ordinary  crystal  of  caloite.  This  reoeavea, 
further  proof  from  the  interesting  observations  of  Sollos,  who  ! 
that  upon  sponge  spicules  placed  in  a  solution  of  carbonate  of 
new  layers  of  calcite  are  deposited,  which  tend  to  restore  the  ordisarT 
crystalline  form.  Instead  of  that,  however,  it  has  a  form  which 
not  bo  brought  into  any  relation  with  its  intrinsic  orystAllino  pro| 
ties.  It  is  true  that  the  attempt  has  been  made  to  explain 
symmetry  often  tthibitod  by  the  spicules  as  due  to  their  crys 
nature.  Not  only,  however,  con  any  such  explanation  be  shown  i 
inadequate  in  itself,  but  it  is  also  i|uite  unnecessary,  since  in  oil 
sponges,  spicules  even  more  symmetrical  may  occur,  which  ore  : 
factured,  so  to  speak,  out  of  a  uou 'Crystal lino  material,  namely,  ooU 
silica.  The  symmetry  and  regularity  of  form  which  sponge  spic 
often  possess  are  clearly,  therefore,  not  due  to  the  inherent  prop 
of  the  material  of  which  they  are  cumpo«<ed,  but  to  the  acticm  of  I 
living  matrix  in  which  they  are  deposited.  The  symmt'try 
crvsUil,  on  the  other  hand,  is  one  which  in  its  fundamental  traitf] 
entirely  iudo])endeut  of  the  matrix  in  which  it  is  deposited. 
have  seen  further  that  in  a  natural  crystal 'the  parts 
independently.  But  in  the  living  crystals  every  port  varies 
dently  of  all  the  others,  according  to  the  needs  of  the  organi 
the  spicules  can  be  traced  through  a  long  series  of  evoll 
changes,  resulting  in  the  many  different  forms  with  which  wv  < 
actpninted. 

We  may  therefore  sum  up  with  regard  to  these  living 
as  follows.     Their  constitution  is   that  of  the  calcite  crystal, 
their  external  form  is  that  which  the  sponge  requires,  and  not  i 
which  tliuy  would  naturally  assume.     They  famish  ns,  in  &et, ' 
a  beautiful  instance  of  what  is  termed  adaptation,  that  is  to  ear,  I 
fact  that  any  living  organism  tends  to  have  jaat  that  form,  fit 
and  organisation  in  all  its  parts  which  it  requires  in  order  to  i 
tain  its  existence  in  its  peculiar  mode  of  life,  whatever  it  mayj 

The  principle  of  adaptation  raises  many  Mioutifio  and  phild 
questions  of  great  importance,  but  certain  points  may  be 
which  have  been  scon  in  the  instances  under  discussion.     Xal 
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plaoe,  it  is  vety  evident  that  theee  adaptations  did  not  come  into 
existence  suddenly,  like  an  instantaneous  photograph  as  it  were,  but 
•re  the  result  of  a  long  and  gradual  course  of  evolution  from  the 
simple  crystal,  formed,  so  to  speak,  almost  by  chance  in  the  molecular 
ferment  and  turmoil  that  goes  on  in  the  living  organism,  up  to  the 
liighly  perfected  and  elaborated  forms  of  spicules  which  compose 
the  supporting  framework  in  different  species  of  sponges.  In  the 
■eoond  place,  the  persistence  of  different  species  of  sponges  in  certain 
grades  of  evolution  shows  that  the  adaptation  in  any  given  case  is 
not  to  be  regarded  as  perfect,  but  only  as  slightly  better  or  worse 
than  that  seen  in  other  species.  This  points  to  the  main  factor  in 
the  evolution  having  been  the  natural  selection  consequent  upon 
eompetition  and  the  struggle  for  existence. 

[E.  A.  M.] 


B 


73-2  General  Monthlii  Meaing.  [Vaji, 


GENERAL  MONTHLY  MEETING, 

Monday,  May  9,  1898. 

Sib  Jamb  Cbichton-Bbowhk,  M.D.  LL.D.  F.BJS.  Treasmer  and 
yioe-President,  in  the  Chair. 

The    following    Vice-Presidents    for    the    ensning    year   ««n 
announced : — 

Sir  William  Crookes,  F.Ii.S. 

Sir  Edward  Fraukland,  E.C.B.  D.CX.  LLJ>.  F.B.S. 
Sir  William  Huggins,  K.C.B.  D.CJi.  LLJD.  FJLS. 
Lndwig  Mend,  Esq.  Ph.D.  F.B.S. 
The  Hon.  Sir  James  Stirling,  M.A.  LL.D. 
Sir  Henry  Thompson,  FJLC.S.  F.B.A.S. 
Sir  James  Crichton-Browne,  M.D.  LL.D.  F.BjSb  Trtagmnr. 
Sir  Frederick  Bramwell,  Bart  D.C.L.  LLJ).  F.RS.  Semnn 
Sterehiry. 

Hngh  Bell,  Esq. 

Henry  Marc  Bmnel,  Esq.  M.  InstCE. 

Bailey  Knight,  Esq. 

Lionel  Phillips,  Esq. 

Alfred  Morton  Smale,  Esq.  M.B.CJ& 

were  elected  Members  of  the  Royal  Institation. 

The  Right   Hon.   Lord  Rayleigh  was  re-elected   P7:Re«si.-r  J 

Natural  rkili^sophj  in  the  Royal  Institntioiu 

The  Pkebexts  reoeired  since  the  last  Meeticz  vers  lasi  oc  ai 

talJe,  and  the  thanks  of  the  Members  returned  for  the  ««.—>-•  -rj. : — 
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Ckicaae,  Jehn  Crerar  Lifcrary— Third  Annual  Rojiort.    8vo.     1808. 
C»WlJ^fiMmi,/n»<i<u/t()no/— Minutes  of  Prnoe^.lin(,'9.  Vol.  CXXXL  fiva  1898. 
Oraoovie,  Aead^mie  dtt  Seieneet — Bulletin,  ISSIS.  Nu.  2.     8vo. 
EdUori — AiDirican  Journal  of  Science  for  April,  18D8.    8vo. 

Analyst  for  April,  18!)8.     8vo. 

Antliony'a  Pbotugrapliio  Bullc'tio  for  April,  ISOS.    8vo. 

AfltTO-ptiysical  Juuruul  for  April,  1898.     8vo. 

Athi-nmum  for  Apnl,  1898.    4to. 

Author  for  April,  1898.    8to. 

Biinetolliat  for  April,  1898.     8to. 

Brewers'  Juumal  for  April,  189S.    8vo. 

Chemical  News  for  April,  1898.     4to. 

(Jhemift  and  Druggiiit  lor  April,  1898.    8ro, 

Education  for  April,  1898. 

Electrical  Engineer  for  April,  18?8.    fol. 

Electrical  Engineering  for  April  15, 1898.    8to. 

Electrical  Review  for  April,  1898.    8vo. 

Electricily  for  April,  1898.    8vo. 

Engineer  for  A  pril,  1898.    fol. 

Kngineerlng  for  April,  1898.    fol. 

HomoDopathic  Review  for  April,  1898.    8vo. 

Horological  Jourual  for  Apnl  atxl  May,  1898.    8to. 

Indnatries  and  Iron  for  April,  1898.    fol. 

Invention  for  April.  1898. 

Journal  of  Physical  Cheruintry  for  Fubniary,  March  and  April,  1898.    8vo. 

Juumal  of  8tate  Medicine  for  April,  1898.    8vo. 

Iaw  Joomal  for  April.  1898.    8vo, 

Lightning  for  April,  1898.    8vo. 

Machinery  Market  for  April,  1898.    Sva 

Natur«  for  April,  189&    4to. 

New  Church  Magazine  for  April,  1898.    8vo. 

Moovo  Cimento  for  Feb.  1898.    8vo, 

Pbotoiirttphio  News  for  April,  1898.    8vo. 

Physical  Be  view  for  Marih,  1898.    8vo. 

Public  Health  Engineer  for  April,  1898.    8»o. 

Science  Biflings  for  April,  1898. 

Travel  for  April,  1898.    8vo. 

Tropical  Agriculturist  for  April,  1898. 

Zoophilist  for  April,  1898.    4to. 
Etui  India  Ji«M»a<tot>— .Journal,  Vol.  XXX.  No.  1.3.     8vo.     1898. 
iOecM^al  Enyi»etT$,  iMtitution  o/— Jounwl,  Vol.  XXVII.  Nos.  133,  134.     Svo. 

1898. 
ERit,  0.  B.  Etq.  ithe  /(»<W)— The  Merchandise  Murks  Act    8vo.     1898. 
Flormica,  lUlAioUxa  Nationale  C<Ti/r<if»— Bolliitino,  No*.  295,  29G.     8vo.     1898. 
Franklin  InttUutv — Jonmal  for  April,  1898.     8vo. 
OaH  nnil  Inijlit,  Jtfc«rr».  ((/i«  PuWt«/jer(i)— The  Obaerver's  Atlaa  of  the  Heavens. 

By  W.  Pt<A.    4to.     1898. 
{7«n«*a,  SoritU  de  Phyiiqu*  «(  iTHiiloire  If eU^reU« —Comptea  Kendus,  1885  ot 

•eq.     8vn. 
Oecoraphiml  Soeirly,  Itmjnl — Geogmphicitl  Journal  for  April,  1898.    8vo. 
Oooiojyifloi  iVKijfy— Quarterly  Journal,  No.  214.     8vo.     189S. 
OcMxng*  Hogtkola—hTt^knii,  Uand  III.    8vo.     1897. 
Harlem,  Sueiiti  Hollandaite  dtt  Scicnre* — Archives   Ncerlandaises,    Ser.    II. 

Tome  1,  Ltvr.  4,  5.    8vo.     1898. 
Stad,  A.  P.  Ktq.  Al./.y.K.  (JJk)  Author)— iiotea  on  American  Iron  and  Bteel 

Pnwtice.    hvo.     1«98. 
HorUcuUural  Society,  Jfoi/ul- Joumul,  Vol.  XXI.  Part  .3.     8vo.     1898. 
Imperial  liulilule — IiupcrinI  Institutt-  .Tourniil  for  April.  1(<98. 
Iron  iind  atfiil  IntlttttU — Journal.    Name  Index,  Vols.  I. -L.    Svo.     1898. 
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JaknM  Hopkini  UmirenOf—JJm'ntAtf  Circnlara,  No.  13i.    4ta    1898. 

American  Chemic*!  Jonnud,  Jan. -April,  1898.    8to. 
Jordtttt,  Wm.  L.  Eiq.  ((Ae  Author}— The  Standard  of  Value.    7th  ed.    8to.    1896. 
KemOer,  Frans,   Etq.  (<k<  Author) — Die  Moglirhkeit  einer   experimeDtfUeii 

Entaebeidung  xwjachen  den  Teischiedenea  elektrodynomischen  Grondge- 

aetxen.    8to.    1898. 
ir«ir  Obtervatory,  Dirtetor—Beport  on  Kew  Obeerratorj,  1897.    8va    1898. 

Notea  on  Thermometry.    By  G.  Chree.    8vo.     1898. 
Xarhmik  Society— Journal,  Noe.  169, 170,  231.     8vo.     1898. 
Lomdon  Countg  Council  Teekuieal  Education  Board — London  Technical  Edoea- 

tion  Gasette  for  March,  1n98.    foL 
MiddUtex  Hairpiial— Report*  for  1896.    8yo.    1897. 
Mieroieopwal  tk>eielf,  JSoyuI — Journal,  1898,  Part  2.    8to. 
JfaauA,  Boual  Bavarian  Aeademy  ofSdenee* — Abhaadlongen,  Math.-PhyB.  Claae, 

Band  XIX.  Abth.  2.    4to.    18!*8. 
Fe«trede,  14  Nov.  1896.    4tn.    1897. 
Karf  League — Navy  League  Jonmal  for  April,  1898.     8Ta 
Neu)  Zealand,  JRegittrar-General  o/— Statistics  of  the  Colony  of  New  Zealand  bt 

1896.    8to.    1897. 
North  «f  England  Inilitute  of  Mining  and  Meehanieal  Engineer* — TianMictioai, 

Vol  XIA^L  Part  6 ;  Vol.  XLVII.  Parts  2,  3.     8to.     1898. 
Borings  and  Biukings,  U-Z.    8to.    1898. 
ObttA,  Dr.  Eugene  F.  A.  M.R.I.  (fke  Author)— GcvXXa  Peroba  (Caatot  Leetiirei> 

8to.     1898. 
PharmaeeuHad  Soeietj/  of  Great  Britain — Jonmal  for  April,  1898.    Sro. 
Borne,  Minittri/o/Pubtie  ITorfct— Oiomale  del  Genio  Civile,  1897,  Faac  11°,  IS"; 

1898,  Fasc.  1.    8to.    1897-98.    And  Designi.    fol. 
Boyal  Irith  Jeodemy— Transactions,  VoL  XXXI.  Parts  1-6.    4ta     1896-98. 
Boyal  Society  of  loitdon— Philosophical  Transactions,  Ser.  A.  VoL  GXCL  Noa 

214,  215 ;  Ser.  B.  Vol.  CLXXXIX.  Noe.  154-156.    4to.    1898. 
Proceedings,  Nos.  390-392.    8vo.    1897. 
Sanitary  Inititute— J outnaX,  Vol.  XIX.  Part  1.     8Ta     1898. 
Selhome  Society — Nature  Notes  for  April,  1898.     8vo. 
Sidgreare*.  Bev.  Father,  F.R.J.S. — Results  of  Meteorological  and  Magnetiotl 

Obserrations  at  Stonyburst  College  Observatory,  1898.     8vo.     1898. 
Smithfonian  Intliluiion — Bibliogniphy  of  the  Metals  of  the  Platinum  gnmp: 

Platinum,  Palladium,  Iridium,  Hbodium,  Osmium,  Ruthenium,  1748-1896- 

By  J.  L.  Howe.    8vo.    1897.    (Smith.  Misc.  Coll.) 
The  Smithsonian  Institution.  1846-96.    The  History  of  its  first  Half  Centmj. 

Edited  by  G.  B.  Goode.    8vo.     18i)7. 
Societii  of  Art* — Journal  for  April,  1898.    8vo. 
Statittieal  Society,  iioj/ai— Journal,  Vol.  LXI.  Part  1.     8vo.     1898. 
Stewart.,  Charlee,  Etq.  {the  .^«<Aor>— Stewart's  Telegraphic  Code.    8vo.    1897. 
Sweden,  Royal  Academy  of  Science* — Handlingar  (Me'moires),  Band  XXIX.   4to. 

1896-97. 
United  Sfrrice  Inftituiion,  Royal — Journal  for  April,  1898.    8vo. 
United  State*  Palrut  Office — Annual  Report  of  the  Commissioner  of  Patents  for 

1896.     8vo.     1897. 
Official  Gazette,  Vol.  LXXXII.  No.  13;  Vol.  LXXXIH.  No.  1.    8vo.    1898. 
rp$al,  L'Obtervatoire  MitAtrologique — Bulletin  Mcnsuol,  1897.    4to.     1897-98. 
Victoria  Iii*titute— Jonmal,  No.  1 19.    Svo.     1898. 
Zoological  Society  of  London— Bepoit  for  1897.    Svo.    1898. 
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LuDWio  MoND,  Esq.  Ph.D.  F.R.8.  Vice-Proaidont,  in  the  Cbair. 

PRorxssoB  W.  A.  TiLDEN,  D.Sc.  F.R.S. 

Recent  Experimentt  on  Certain  of  the  Chemical  ElemenU 
in  relation  to  Heat. 

The  discovery  that  ilifferent  siibstancea  have  different  capacities  for 
heat  is  usually  attributed  to  Ii-vino,  but  there  can  be  no  doubt  that 
Black,  Crawford  and  others  contributed  io  the  establiishment  of  the 
idea.  The  fact  that  eqnal  weights  of  different  aubstunecs,  in  cooling 
down  through  the  sanie  mimber  of  degrees,  give  ont  different  amounts  | 
of  beat,  may  bo  illustrattid  by  the  well-known  experiment,  in  which 
a  cake  of  wax  is  penetrated  with  different  degrees  of  rapidity  by 
balls  of  different  metals  heated  to  t]ie  same  temperature.  But,  fur 
the  qaantitative  ostimatiim  of  the  amounts  of  beat  thus  taken  up  and 
given  out  again — that  is,  the  gpecijic  heats — the  physicist  must  resortj 
to  other  forms  of  experiment,  each  of  which  presents  difficulties  ot\ 
its  own.  Broadly  spoaking,  throe  principal  methods  have  been  used 
in  the  past  for  this  purpise.  The  first  is  based  upon  the  observation 
of  the  exact  chanpe  of  temporature  jiroduced  in  a  known  masg  of 
water,  by  mixing  with  it  a  known  weight  of  the  substance  previously, 
at  a  dcfiuite  temperature  above  or  btdow  that  of  the  water.  Tho 
mcond  consists  in  determining  tho  quantity  of  ice  melted,  when  the 
beated  body  is  brought  into  contact  with  it  in  such  a  way  that  no 
h«at  from  any  other  source  can  roach  tho  ice.  And  the  third  method 
consists  in  observing  the  rate  at  which  the  temperature  of  the  heated 
body  falls  through  a  definite  range  of  degrees,  when  suspended  in  a 
Tocuons  space,  as  compared  with  the  rate  of  cooling  of  another  body 
taken  as  the  standard. 

Tho  process  of  intermixture  with  water  was  need  by  tho  earlier 
experimenters  iu  the  last  century,  and  some  of  the  best  results  ext&nt 
have  been  obtained  by  this  method,  which,  however,  is  not  so  easy 
as  it  appears  when  the  highest  degree  of  accuracy  is  desired. 

Lavoisier  and  Laplace,  iu  1780,  devised  the  ice  calorimeter  wbich 
boars  their  name ;  and  in  a  most  interesting  memoir,  which  is  re- 
printod  among  Lavoisier's  works,  they  show  that  they  were  familiar 
with  tho  idea  which  in  modem  times  is  expressed  as  the  principle 
of  the  conservation  of  energy.  In  this  memoir  they  give  the  resnita ' 
of  experiments,  in  which  the  specific  beats  of  iron,  mercury  and  a 
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Btr  otbor  sabstancos  are  estimated  with  a  very  tolerable  approach  to 
'accuracy.  Although  many  of  the  metals  wero  kaowu  to  tbem,  and 
Riippoiiing  they  had  persisted  in  this  work,  it  would  not  have  bees 
possible  for  them  to  maka  tbo  discovery  which  was  reserved  for 
Dulung  and  Petit  thirty-five  years  later,  for  the  atomic  theory  b»d 
not  then  been  conceived,  and  no  elemental  combining  proportions 
had  been  determined. 

Dolong  and  Petit  *  aeem  to  have  used  at  first  tlie  method  of  mix- 
tures,  and  to  have  found,  by  direct  experiment,  that  the  specific  heat  of 
solids  ^metals  and  glass)  increases  with  the  temperature.  Tbey  also 
studied  (after  Leslie)  the  laws  of  cooling  of  bodies;  and  two  years 
lifter  the  pablication  of  their  first  paper  on  the  subject,  they  (Petit 
and  DuloDg,  We)  arrived  at  the  remarkable  general  expression  which 
is  associated  with  their  names.t 

After  pointing  out  that  all  the  resnlts  of  previous  experiments 
except  those  of  Lavoisier  and  Laplaco  are  extremely  incorrect,  they 
describe  their  own  conclusions  obtained  by  tbo  method  of  cooling, 
conducted  with  many  precautions  to  avoid  error.  The  numerical 
expression  of  their  experimental  results  is  given  in  the  foUowing 
table : — 

Copt  or  T^ble  bt  Pettt  ixk  Dcioso. 
(Ann.  Chim.  Phy».  1819,  x.  403.) 


— 

Sptdlle  Umu.' 

AMBio  Wtlsfali 

Atomic  VtOfbi 

Bismoth 

•0288 

1.1 -30 

•3830 

Iam\ 

•0298 

t'2  !».5 

-3T94 

OoW 

■0298 

12  4.S 

•.STOl 

PlaliBam 

•0314 

11   16 

37W 

Tin 

•0514 

7^86 

-S779 

Silver        

•05*7 

675 

•3759 

Zinc 

•0927 

403 

■ztm; 

Telhirinm 

•0912 

4-03 

•.'«i7.'» 

Cnpner       

Nickel       

•0949 

S-957 

•37:..') 

•103S 

3-G9 

•3819 

Imn ,      .. 

•1100 

3-392 

■3731 

CoWIt        

•1498 

%\<i 

■aiiSS 

Sulphur     

•1880 

2-011 

•37«0 

The  statement  of  tbo  relation  indicated  in  the  last  colnmn  «f 
figures  is  expressed  in  the  following  words  of  the  authors,  p.  405: 
"  Les  atomes  de  tons  les  corjw  simples  ont  exactemeut  la  memo 
capftoite  pour  la  chaleur." 

Heio  tho  quostiiin  rested,  till  resumed  many  years  later  (1840)  hy 
Beguault,  who  in  his  first  memoir  X  pointed  out  the  dit^icultics  which 
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attend  tlie  acceptanco  of  the  statenient  of  Petit  and  Dalong  in  the 
form  ia  which  tlicy  gavo  it.  He  t!irTi  ^liscussod  the  three  principal 
ox perituoutal methods:  viz.  (1 )  fuBiim  of  ice ;  (2) mixtaro  with  water 
or  othor  liquid ;  and  (3)  cooling ;  aud  decided  in  favour  of  the 
second,  which  he  utted  throughout  his  researches.  The  general  form 
of  the  apparatus  used  hy  the  great  physiciKt  hns  boon  a  model  for 
tlio  guidance  of  Buccessive  experimeutaliat'S  since  hie  time. 

Another  quarter  of  a  coutury  oltipsod  before  the  question  of  tbo 
specific  heats  of  the  elements  was  roMuuicd  by  Horinaiin  Eopp.  His 
resultH  were  coramunifated  to  the  Royal  Society,  and  are  embodied, 
in  a  jMipor  printed  in  the  '  Philosophical  Transactions  '  for  1865.  After 
reviewing  the  work  of  his  predecessors,  he  described  a  process  by 
which  he  had  made  a  large  nutubor  of  cstimutiuns  of  specific  heat, 
not  only  of  elements,  but  of  compounds  of  all  kinds  iu  the  solid  sttito. 
(LJuuceruing  his  owts  process,  however,  be  remarks  that  "  The  method, 
BB  I  have  u^ed  it,  has  by  no  tueans  tho  accuracy  of  that  of  Rcgnault " 
(p.  81). 

Iu  1870  Bunsen  introduced  his  well-known  ico  calorimeter.  This 
is  an  instrument  iu  which  the  amount  of  ice  melted  by  the  heated 
body  is  not  measured  by  collecting  and  weighing  the  water  formed, 
but  by  observing  tho  contraction  confiequeut  upon  the  cliange  of 
state.  The  results  obtained  by  Bunsen  himself  aro  uuiformly  slightly 
lower  than  those  of  Hegnault  for  the  same  elements. 

Since  that  time,  oxporimenta  have  been  mada  by  Weber,  Dewar, 
Humpid;|e  and  others,  in  connection  especially  with  tho  influence  of 
temperature  iu  particular  cases. 

Setting  aside  tho  elements,  carbon,  boron,  silicon  and  beryllinm, 
•8  providing  an  entirely  separate  problem,  the  question  is  whether  the 
law  of  Dulong  and  Petit  is  strictly  valid  wLuu  applied  to  the  metals. 
Kopp,  in  the  discussion  of  his  subject,  came  to  the  conclusion  that  it 
is  not ;  but  the  grounds  for  this  conclusion  aro  nusatisfuctory,  hince 
neither  the  atomic  weights  nor  the  specific  heats  were  at  that  time 
known  with  sufficient  accuracy.  It  bos  been  customary  to  ossumo 
that  the  divergences  from  tho  constant  value  of  tho  product,  At.  Wt. 
X  Sp.  Ht,  are  due  partly  to  the  fact  tlmt  ut  tlu'  temperature  nt  which 
specific  heats  are  usually  iletermiuod,  tho  ditTorent  elcmcuto  stand  in 
very  different  relations  to  their  point  of  fusion  :  thus,  lead  at  the  tem- 
perature of  boiling  water  is  much  nearer  to  its  melting  point  than 
iron  under  tho  same  conditions.  The  divergences  have  also  been 
attributed  to  temporary  or  allotropic  conditions  of  the  elements.  As 
to  the  rtdatiou  to  melting  point,  tho  spcciOo  heats  of  atomic  weights 
#eem  to  bo  practically  tho  same  in  separate  metals  and  alloys  of  tho 
ifeme  which  molt  at  far  lower  temperatures.  For  oiamplo,  the  atomic 
beat  of  cadmium  is  6 '  35  ;  of  bismuth  6  ■  47  ;  of  tin,  6  *  63  ;  and  of  lead, 
6*50  ;  wltile  the  mean  atomic  heat  in  alloys  of  bismuth  witti  tin  and 
iMd  with  tin  ranges  from  6*40  to  6 '66  (Kegnatilt),  which  is  prnctj- 
samo. 


oally 


Agn 


ting  point  nf  plati 


ifhite  hcflt,  the  metui  becomes  plastic  at  a  low  red  heat,  and  y<!t  the 
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specific  heat  at  this  lower  tempetatore  is  rery  little  less  than  it  ii 
near  the  melting  point  The  properties  of  many  other  metala, 
notably  zinc  and  copper,  change  considerably  at  temperatnres  far 
removed  from  their  melting  points  without  substantial  change  in 
their  capacity  for  heat. 

As  to  allotropy,  it  is  a  phenomenon  which  is  oomparatiTely  nre 
among  metals,  and  in  the  marked  cases  in  which  it  occnrs  we  have 
no  ii^ormation  as  to  the  Talne  of  the  specific  heats  in  the  seTenl 
▼arieties,  such  as  the  two  forms  of  antimony  and  the  silver-zine  alloy 
of  Hcrcock  and  Xerille,  and  they  may  be  left  out  of  account.  Bonses 
compared  the  so-called  allotropic  tin,  obtained  by  exposing  the 
metal  to  cold  for  a  long  time,  and  found  it  -0545  against  '0559 
for  the  ordinary  kind.*  In  dimorphous  substances  there  is  often  no 
difference.  Begnaalt  found  for  arragonite  -  2086  and  for  calcite  '2085 
respectively.  The  differences  between  metals  hammered  and  annflalrf, 
haitl  and  soft,  were  also  found  by  Begnanlt  to  be  very  smalL  f 


Hard  steel 
Hard  bronze 


•1175. 
•0858. 


Same,  softened 
Same,  softened 


•1165 
•0862 


Kopp  came  to  the  conclusion,  ^rsl,  that  each  element  in  the  solid 
state,  and  at  a  sufficient  distance  from  its  melting  point,  has  one  specific 
or  atomic  heat,  which  varies  only  slightly  with  physical  conditions ;  and 
teeondljf,  that  each  element  has  essentially  the  same  specific  or  atomic 
heat  in  compounds  as  it  has  in  the  free  state.  This  lut  is  practically 
identical  with  the  statement  which  is  known  as  Neumann's  law.  With 
Eopp's  conclusion  I  agree,  but,  from  some  of  Begnanlt's  results 
cou]iled  with  my  own,  the  effect  of  small  quantities  of  carbon  and 
perhaps  of  sulphur  upon  the  specific  heats  of  metals  is  greater  than 
Las  been  supposed.  If  we  take  the  results  of  Regnault  and  of  Kopp 
and  combine  them  with  the  most  accurately  known  atomic  weights, 
the  products  are  still  not  constant. 

Atomic  Weights  most  acctbatelt  known  (1S97)  combined 
WITH  Specific  Heats. 


A.\V.  (11=1).] 


Copiwr         ,      63^12 

Gnia 19574 

Iron      55-60 

Le-jd 20,)-36 

Mercurj-liq 198-49 

„      -  78°  to  +  10- eol.  198-49 

Silvor 107-11 

Iodine 1-25-89 


S.H. 

8.H. 

At.  HI. 

AtHt 

Begnaalt. 

Kopp. 

'  BegnAnlt. 

Kopp. 

•09515 

•0930 

'    6  01 

5-87 

•03-244 

,  , 

'     635 

•11379 

•1120 

6-33 

eh 

•03140 

•0315 

'    6^45 

6-47 

•03332 

1    6-61 

•03192 

6-34 

•05701 

•0560 

6-11 

6-00 

•05412 

.. 

6-81 

,, 

•  PoRff.  Ann.  141,  27. 
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The  "  Lftw  "  of  Dulong  and  Petit  is  therefore  only  an  approxima- 
tion; but  this  may  perhaps  be  <1i)o  to  iDacciiriicy  in  the  estimation  of 
the  specific  heat,  owing'to  impuritj  in  the  material  used.  That  is  the 
problem  which  I  have  cudcavoured  to  solve. 

Tho  introdwelion  by  Frofessor  J.  Jo3y  of  a  new  method  of  calori- 
metry,  which  depends  upon  the  omlousation  of  Rtenm  upon  tho  cold 
body,  and  the  excellent  results  obtained  by  the  Author  iu  the  aso  of 
the  differential  form  of  his  inslrunieut,*  led  mo  to  think  that  with 
due  attention  to  vjirious  precautions — such  eua  exact  observations  of  tha 
temperatures,  and  practice  in  determining  the  moment  at  which  the 
increase  of  weight  due  to  condensation  ia  completed — results  of  con- 
siderable accuracy  might  be  obtained. 

The  problem  is  to  find  two  elements,  very  closely  similar  in 
density  and  melting  poiut,  which  cuu  be  obtained  in  a  state  of  purity, 
and  then  to  determine  with  the  utmost  possible  aceuracy  tLo  specific 
heat  of  each  under  the  same  conditions. 

The  two  metals  cxjbalt  and  nickel  were  selected  for  tho  purpose. 
They  were  eiamined  by  IJegiiuult,  but  tho  metals  he  used  were  very 
impare. 

Tho  oobalt  employed  in  my  experiments  was  prepare<l  by  myself. 
For  the  nickel  I  um  indebted  to  Dr.  Ludwig  Mond.  Both  were 
undoubtedly  much  more  nearly  pure  than  any  metal  available  iu 
Begoaalt's  time.    Tho  results  obtained  are  as  follows : — 


Sracino  Hbats  or  Cobalt  and  Nto&su 


Pun/uted. 


Cobalt,  8. 0.  ~,  8-718. 

•10310 
•10378 
-I03I0 
•10355 
•10373 
•10362 


Arith.  mean 


10348 


210 


Kiokel.S.Q.  ^8-7«0, 


•  io;>.>3 
•lO'.no 


•10031 


too  high? 


Tho  value  arrived  at  for  cobalt  is  much  lower  than  that  ( •  10G7) 
derived  from  Beguault's  experiments,  while  that  for  nickel  is  practi- 
cally identical  with  iiegnault's,  which  is  '1092.  This  is  cortoiuly 
too  higli. 

Further  experiments  will  bo  made.  Already,  however,  I  feel 
certain  that  Kopp's  conel  union  is  right,  and  that  the  law  of  Dulong 
and   Petit,   even    for    tho    metals,  is  an   approximation  only,  and 


•  Prec.  R.8.  47,  241. 
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cannot  be  properly  expressed  in  the  words  of  the  disoorerers.  For, 
althongfa  the  exact  valnes  of  the  atomic  weights  of  these  two  elements, 
cobalt  and  nickel,  are  not  known,  it  is  certain  that  they  are  not  so  &r 
apart  as  wonld  be  implied  by  these  valnes  for  the  specific  heats. 

Two  other  examples  of  somewhat  similar  kind  are  shown  by  gold 
and  platinum,  copper  and  iron. 

For  the  gold  I  natarally  applied  to  my  coUeagne,  Professor 
Boberts-Ansten.  The  platinum  I  prepared  ^m  ordinary  foil,  by  re- 
solution and  re-precipitation  as  ammonio-chloride,  and  sabeequent 
heating.  Both  metals  were  fused  into  buttons  before  use.  The 
atomic  heats  come  closer  together  than  those  of  Ck>  and  NL 

Copper  and  iron  differ  considerably  in  melting  point,  but  botb 
at  the  temperature  of  100°  are  far  removed  from  even  indpieot 
fusion.  The  copper  was  prepared  from  pnre  sulphate  by  electrolysis, 
the  iron  by  reduction  of  pore  oxide  in  pure  hydrogen.  Notwith- 
standing all  our  care,  it  was  disappointing  to  find  it  contained  '01  per 
cent,  of  carbon,  the  source  of  which  I  am  at  a  loss  to  explain.  This 
iron  is  purer  than  any  examined  by  Begnault  or  Eopp. 


SrEciFio  Heats  of  Gold  akd  Platinum. 
Pure  ftued. 


Gold,S.G.  J-p.19^227. 

Platinum,  S.G.  1^,21 -321 

•03052 
•03017 
•03035 

•03147 
•031.50 
•03144 

Arith.  mean      ..      ..       -03035 
Atomic  boat    ...      ..     5  94 

Arith.  mean      ..      ..        -03147 
Atomic  heat      ..      ..     605 

Si-EciFic  Heats  of  Copi'eb  and  Iros. 


Aritli.  moan 
Atomic  lieat 


Fused. 


20" 
Copper  (purr)  S.G.^jj^  8  r)2-2. 

-00248 
•0!i2U 
■09205 
•0U2;{4 


•00232 


1.5'' 
Iron,  S.  G.  p-j,,  7  •74,5,  contains 

0^01  per  cent,  copper. 


•110-22 
■11037 


5-83 


Arith.  mean 
Atomic  heat 


•11030 


6^13 


Tho  differences  observed  between  cobalt  and  nickel,  and  between 
gold  and  platinum,  are  manifestly  not  due  to  allotropcs  or  to  diffor- 
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oncGS  of  meUing  point,  which  in  these  caecs  can  have  no  ofiect  on  the 
result.  Ro  largo  a  difference  must  bo  duo  t<)  peculiarities  inherent  in 
the  atoms  themselves;  and  difTureuces  of  atomic  heat  are  to  a  certain 
extent  comparable  with  the  ditTcrcncoB  obserTed  in  other  physical 
pro])ertics,  which,  like  spooitic  Tolumo,  spocifio  refraction,  &c.,  are 
approximately  additive. 
_  If  we  try  to  tliink  what  is  poing  on  in  the  interior  of  a  mass  of 
holid  when  it  is  heated,  the  work  done  is  expended  n»t  only  in  setting 
^be  atoms  into  that  kind  of  Tibnitiou  which  curroaponds  to  rJRo  of 
temporaturo,  that  is,  it  makes  them  hotter,  but  partly  in  separating 
the  molecules  or  physical  units  from  one  another  (=  expansion)  and 
partly  in  doing  internal  work  of  some  kind,  the  nature  of  which  is  not 
known.  A  diilorcnce  between  mct&Is  and  non-metals  has  been  brought 
out  by  the  researches  of  Ileycock  and  NotiIIo,  who  find  that  motals 
dissolved  in  metals  are  gonerally  mouatomic  ;  whereas  it  is  generally 
admitted  that  iodine,  sulphur  nud  phospltorus  in  srdntion  are  poly- 
atomic. It  is  moreover  rcmarkablo  thut,  although  in  respect  to  specific 
lieat  each  clement  in  a  solid  seems  to  be  iudependont  of  the  other 
elements  with  which  it  is  associated,  when  tbo  elomontary  BiibRtancos 
ore  vaporised  some  rise  in  separate  atoms  like  mercury,  some  in 
groups  of  atoms  like  iodine,  sulpliur,  arsenic  and  phosfihorns,  and  as 
the  torapemturo  is  raised  these  groups  are  simplified  with  very  vary- 
ing degrees  of  readiness. 

The  two  metals,  cobalt  and  nickel,  with  which  I  began  ray  inquiry, 
have  very  nearly  the  same  atomic  weight,  the  value,  58-24  for  nickel 
and  that  for  col»lt  58 '49,  being  calculated  by  F.  W.  Clorko  from  the 
results  of  a  groat  many  analyses  by  many  different  chemists.  They 
are  so  close  together  that  for  a  long  time  they  were  regarded  as 
identical,  and  Mendeliof  does  not  hesitate  even  to  invert  the  order  by 
making  Co  =  58*5  and  Ni  =  59.  These  motals,  nevertheless,  differ 
from  ooch  otlier  in  several  very  important  chemical  characters.  Nickel, 
for  example,  forms  the  woll  known  and  higlily  romarkablo  compound 
with  carbonic  oxide  discovered  by  Dr,  Monil,  0<»bftU,  on  the  other 
liand,  producos  many  ammino-comptiunds  to  which  there  is  nothing 
corrcspomling  among  the  compounds  of  niclccl. 
L  Having  put  aside  the  common  excuses  fur  the  observed  divcrg- 
l^ccs  from  the  constant  of  Dulong  ond  Pttit,  wo  are  compelled  to 
look  round  for  some  other  hypothesis  to  explain  thom. 

The  constitution  of  cnrbi>n  compounds  is  now  accounted  for  by  a 
hypothesis  concerning  the  confifjurution  of  the  carbon  atom  iiitroducuil 
by  Van't  Holf  ond  Le  Bel  twoiity-iivo  years  ago,  and  which  is  now 
accepted  by  the  wliolc  chemicAl  world.  It  seems  not  unroascmublo  to 
apply  a  similar  idea  to  the  oxidanation  of  those  cases  of  i8<.)meriRm 
which  have  been  observed  in  certain  compounds  of  tlio  metals,  notably 
chromium,  cobalt  and  platinum.  This  has  iilroa<ly  Ix^en  douo  liy  Pro- 
fcasor  Werner,  of  Zlirich.  If  the  constitution  of  componnds  can  bo 
saffdy  explained  by  such  bypnthcsis,  this  im[dies  the  a.ssumptioM  <if 
peculiarities  in  the  configuration  of  the  individual  constituent  metals 
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around  which  the  Tarions  ladicles  are  groaped  in  snbh  oomponndB ;  a 
hence  pecnliarities  in  the  behaviour  of  snch  metals  in  the  elemen 
form  maj  posaibly  be  accounted  for.  For  the  atom  of  cobalt  Frofea 
Werner  employs  the  fignre  of  the  regnhu:  octahedron.  For  nick 
therefore,  which  differs  from  cobalt  in  many  ways,  a  different  figi 
must  be  chosen.  This,  however,  is  for  the  present  a  matter  of  pi 
qiecnlation. 

W.  A.  T 
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WEEKLY   EVENING    MEETING, 
Friday,  Mfty  20,  1898. 


The  Hon.  Sik  James  Stiblino,  lyLA.  LL.D.  Vice-Prosidont, 
ID  the  Choir. 


Thb  Right  IIon.  D.  H.  Madden,  M.A.  LL.D. 
The  Enrly  Life  and  Work  of  Shaketipeare. 


\ 

H  Im  tLe  year  1592  thoro  wa«  in  London  a  modoruto  ootor  and 
H  •trtt^glin><  ilranmtist  named  William  Shakosponro.  Ho  had  as  yot 
^  pablishud  uuthing,  and  ho  was  known  clutjHy  aH  an  ttdai)tcr  of  tho 
work  of  popular  authors  to  the  uses  of  the  coni]niny  of  plnyers  with 
whom  ho  was  associated.  As  a  dramatist,  fow  would  have  thought  of 
comparing  him  with  Marlowe,  Groeuo,  Poele,  Lodge,  or  Nosh  ;  and  as 
a  poot  he  was  known  only  to  some  private  friends,  to  whom  ho  had 
shown  certain  Bonnets  and,  it  may  1x3,  tho  first  hoir  of  hie  iuroiitiou, 
a  poem  entitled  '  Venus  and  Adonis.' 

Had  lio  then  met  the  fate  which  shortly  afterwards  overtook  liis 
great  master,  Marlowe,  a  tavern  brawl  might  have  de])rivod  tho  worM 
not  only  of  'llaiiilot,'  'Othello'  and  'As  you  like  it,'  but  of  all 
knowledge  of  tho  man  who  was  destine<l  to  bo  thoir  author.  It  is 
trnu  that  his  genius  had  attained  to  tlio  pn>ductiou  of  '  A  Midsummer 
Night's  Dream '  and  '  Romoo  and  Juliet ' ;  but  neither  of  these  plays 
was  printed  until  somu  years  after,  when  his  later  productions  hoA 
added  to  the  reputation  of  thoir  author.  Had  his  fellows  advoiiturod 
on  tho  publication  of  a  posthumous  voluino,  oontatning,  in  addition 
to  these  plnys,  'Titus  AndronicuH,'  'Henry  VI.'  'Love's  Labour's 
Lost '  and  '  Tho  Come<ly  of  Errors,'  it  is  possible  that  tho  truer  in- 
stincts of  tho  nineteenth  century  might  have  rescued  tho  collection 
from  the  indilTerence  of  the  eighteenth  century,  and  the  contempt  of 
tho  sorenteonth,  wlion  Popys  was  not  dcterrcsd  by  the  famo  of  their 
author  from  describing  *A  Midsummer  Night's  Dmani '  as  tbo  most 
insipid,  ridiculous  play,  and  '  Itomco  and  Juliet'  us  tho  wjrbt,  ho  had 
ever  soon.  If  Thomas  TLoriw  Imd  thought  it  worth  whilo  to  publish 
tho  Sonnuts  at  the  instance  of  Mr.  W.  H.  (which  I  greatly  doubt),  it 
is  possible  that  the  disccrninont  of  an  unhwded  critic  might  disoovor 
■ome  of  tho  finest  poetry  in  tho  English  lauguago  in  tho  forgotten 
Tolomo — for  forgotten  it  certainly  would  have  boon  ut  a  time  when 
Stoovons  deemed  tho  sonnets  unworthy  of  publication,  as  productions 

Ikicb  no  ono  would  road. 
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I  have  snggested  these  possibilities  with  no  intentioa  of  engaging 
in  the  most  fmitlcfis  of  nil  inquiries — speculation  as  to  wbat  might 
Lave  been — bnt  for  a  practical  purpose.  If  we  would  clearly  dificeni 
the  mail  Shakespeare  iii  relation  to  the  known  factR  of  his  lifo,  it  is 
Deedful  to  close  our  ejcs  to  the  dazzling  splendour  of  his  later  worbi. 
I  invite  you  to  do  this  for  a  momeut,  and,  forgetful  of  ibeorioe,  faneiet 
and  transcendental  eriticism,  to  fix  your  attention  upon  a  few  simple 
fiujts,  proved  by  clear  evidence,  in  the  hope  that  we  may  be  thus  aided 
in  the  realisation  of  a  persouality,  at  onoo  the  most  attractive  and 
the  most  elusive. 

For  a  reason,  whieli  will  appear  presently,  I  take  the  close  of  the 
year  1592  as  the  termination  of  what  I  have  colled  the  early  life  and 
work  of  Shakespeare.  Of  the  man  as  be  then  existed,  of  the  life 
which  for  some  twenty-eight  years  he  had  lived  on  this  earth,  of  the 
knowledge  which  ho  bad  acquired,  of  the  pursuits  in  which  he  had 
engaged,  and  of  the  literary  work  which  b«  bad  accomplished,  we 
have  means  of  knowledge  fuller  and  more  certain  than  we  poasen 
with  regard  to  many  great  men  whose  lives  are  separated  6om  ooia 
by  a  much  shorter  interval  of  time ;  and  the  man,  as  we  know  him, 
and  his  work  as  wo  possess  it,  ore  in  complete  accord. 

And  yet  Hallom  wrote,  with  absolute  truth,  that  of  William 
Shakespeare  "  it  may  be  truly  said  tliat  we  scarcely  know  anything." 
For  he  thns  explained  his  meaning :  "  If  there  was  a  Shakespeare  of 
earth,  as  I  suspect,  there  wag  also  one  of  heaven  ;  and  it  ia  of  him 
that  we  desire  to  know  something."  Of  the  Shakespeare  of  heavoa ; 
of  the  creator  of  Hamlet,  Othello  and  Lear,  our  knowledge  has  beea 
fairly  summed  np  in  the  words :  "  He  lived,  and  he  died ;  and  he  WM 
a  little  lower  tlian  the  angels."  And  yet  one  other  fact  is  ocrtain. 
The  Shakespeare  of  whom  we  would  know  something  was  one  and  the 
same  person  with  his  earlier  self,  and  any  knowledge  which  we  nuy 
gain  of  the  one  adds  to  our  understanding  and  appreciation  of  the 
other. 

I  have  chosen  the  end  of  the  year  1592  as  a  point  in  Shakespears't 
life,  because  it  is  then  that  we  obtain  our  earliest  view  of  the  man,  ia 
the  light  of  a  contemporary  notice.  Every  student  of  the  life  of 
ShakoHpeare  is  familiar  with  the  words  in  which  he  was  donounoed 
by  Greene,  who,  when  repenting  on  bis  deathbed  of  many  grievofls 
sins,  somehow  forgot  to  include  "  envy,  hatred,  malice  and  all  im- 
choritablcnoss."  The  authenticity  of  this  passage,  and  its  application 
to  Shakespeare  have  not  been  questioned,  bat  its  ifoll  signifiautoo  bu 
I  think,  been  overlooked. 

In  his  '  Groatsworth  of  Wit '  Greene  conveyed  a  solemn  warning 
to  certain  persons,  three  in  number,  whom  he  addressed  as  "  Gentlemen, 
his  quondam  acquaintances,  that  spend  their  wit  in  making  Plaie&" 
Of  these  the  first  and  third  have  been  identified  with  reasonable 
certainty  as  Marlowe  and  Nash.  The  second  is  probably  either 
Lodge  or  Peele.  They  are  entreated  to  employ  their  raro  wite  ia 
more  profitable  courses  than  writing  plays  for  play-actors.     Th*y  arc 
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m-amcd  that  thoy  were  in  liko  case  with  Groane,  thoy  also  would  bo 
Ifursaken  by  tbcso  "  Puppets  that  speak  from  our  moaths,  thoflo  Antics 
garnished  in  onr  colours,"  ''  Yos,  trust  thorn  not,"  he  adds, "  for  there 
is  aa  upstart  Crow  beautified  with  oar  feathers,  tJjat  with  liis  Tygcr's 
heart  wrapped  in  a  Player's  hide  snppoaes  ho  is  as  well  able  to  bombast 
out  a  blank  verse  as  the  best  of  you,  and  being  an  absuluto  Johanncg 
faototam,  is  in  his  owne  conceit  the  only  Shako-scene  in  a  oountrie." 
The  lino  thus  parodied,  "  0  Tiger's  heart  wrapt  in  a  woman's  hide," 
occurs  in  the  'Third  Part  of  Henry  VI>,  and  this  circnmstanoe,  taken 
with  tbo  obvious  play  on  his  name,  identitioa  Shakespsare  oa  thoobjoct 

tof  Greene's  invective. 
Had  this  curious  ])amphlot  been  given  to  the  world  on  the  authority 
of  Greene,  it  might  be*  disregarded  aa  the  raving  of  a  disordered  brain. 
Bat  it  was  revised  and  published  in  December  1592,  about  two  months 
after  Greene's  death,  by  Henry  Chcttlo,  himself  a  dramatist  of  note, 
to  whose  pen  it  appears  to  have  boon  attributed.  For  in  the  preface 
to  his  •  Kind  Hart's  Dream,'  Chcttlo  is  at  pains  to  disown  the  author- 
ship and  to  make  such  amends  as  he  could  to  two  of  tho  play^mghts 
addressed  by  Greene.  "  A  letter,"  he  says,  "  written  to  divers  play- 
makers  is  offensively  by  one  or  two  of  them  taken."  There  was  one 
of  those,  ho  tolls  us,  *'  whoso  learning  I  revoreucc,  and  at  tho  perusing 
of  Greene's  book  stroke  out  what  there  in  oouscience  I  tliougbt  he  in 
some  diBpleasuro  writ."  No  such  reverence  for  either  tho  learning  or 
tbo  art  of  Shakespeare  led  Chettle  to  tone  down  tho  only  really  oHen- 
give  part  of  tho  wholo  passage. 

Of  another  of  those  who  took  offence  ho  writes,  that  he  did  not 
BO  much  spare  him  as  since  he  wished,  for  which  ho  is  as  sorry 
M  if  Greene's  fault  had  been  his  own,  "  because  myselfe  havo  seono 
his  demeanour  no  loss  civill  than  he  excellent  in  the  qualities  ho 
poaaeaaes.  Besides,  divers  of  worship  have  reported  his  nprightness 
of  dealing,   which  argues  his    honesty,  and    his  facetious  grace  in 

k  writing,  that  approves  his  Art." 
There  is  no  reason  for  applying  to  Shakespeare  these  worfls  of 
'     Chettle,  save  only  a  sense  of  their  appropriateness.     For  it  was  by 
one  or  two  of  tho  play-makors  atldrossod  by  Green o  that  offence  was 
taken,  and  Shakespeare  was  not  of  tbo  number.     I  am  not,  however, 
oarufal  to  discuss  tho  sufficiency  of  this  reason,  for  the  real  signifi- 
OMloe  of  Chottle's  preface  consists  in  the  evidence  which  it  affords  of 
the  atate  of  his  mind  when  he  edited  and  revised  Greene's  pamphlet. 
When  ho  saw  no  reason  to  t<mo    down    the  only    really  seurrilona 
poasago  in  tho  'Groatsworth    <»f  Wit" — the  denunciiitiDn  of  •Shake- 
spearo   as  an    impudent    plagiarist — it    is    impossible   to   avoid  the 
^Oondnaion  tliat  either  tjhakespoare  was  unknown  to  him,  or  that  ho 
^■iaw  no  reason  to  quarrel  with  Greene's  estimate  of  charaotor  and 
Hiiterary  ability. 

■  Strange  as  Greene's  words  now  sound  in  our  oars,  thoro  is  no 
Bxtnuon  why  thoy  should  have  startled  Chettle.  Without  accepting 
H  tho  literal  truth  of  any  of  the  traditions,  we  cannot  doubt  that  Howe, 
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Shalcespeftro'e  earliest  biographer,  Btata  with  snbstentiHl  tmUi  tiuit  he 
WIS  "  reooived  into  the  company  then  in  being  at  first  in  a  very  mean 
rank."  The  plftvwrights  of  established  position — Greene,  Lodge, 
Peele,  Naeh,  Marluwe — had  all  reoeired  a  Univereity  edncation.  Tbey 
wonld,  not  nnnatnmlly,  look  down  on  one  who  was  not  of  their  order, 
and  whose  earliest  dramatic  work  took  the  form,  not  of  original  com- 
position,  but  of  adaptation.  The  popularity  ^-itb  playgoers  of  Shake- 
speare's adaptations  was  not  likely  t<}  win  the  favour  of  the  dramatifiti 
whose  works  were  laid  under  contribution.  Wo  know,  on  the  authority 
of  Nash,  that  the  Talbot  scones  in  *  Henry  YI.'  were  applauded  l^ 
thonaandfl  of  spectators,  and  we  learn  from  Ben  Jonson  that  even 
tweuty-fiye  years  later  there  were  old  fashioned  playgoers  who  would 
swear  that '  Titus  Andronicus '  and  '  Jeronimo '  were  the  best  playg^ 

Thus  we  can  easily  understand,  from  a  knowledge  of  Shakespeare't 
early  life,  how  it  was  that  his  first  work  as  a  dramatist — great  as  we 
now  recognise  it  to  be  in  part — did  not  meet  with  immediate  or  ootdiftl 
reception  on  the  part  of  the  literary  world.  In  the  end  he  OTcrcame 
all  opposition  and  asserted  hie  supremacy,  but  when  the  rolmne  of  lua 
early  work  was  completed,  the  time  had  not  yet  come. 

It  was  well  said  by  Coleridge,  in  one  of  his  lectures  on  Shakespesn, 
that  a  young  man's  first  work  almost  always  bespeaks  his  recent 
pursuits.  Not  so  much,  I  would  venture  to  add,  in  the  selection  of  » 
subject,  as  in  incidental  passages  and  casual  allusionB,  from  which  vt) 
may  discern  most  certainly  the  class  of  images  with  which  hie  mind 
is  stored  and  which  present  themselves  unbidden  to  his  imagination. 

If  the  authorship  of  Shakespeare's  earliest  play, '  Love's  Laboor't 
Lost,'  were  a  matter  of  speculation,  we  should  oonclude  with  abBolnte 
certainty  that  it  was  the  work  of  one  who  was  thoroughly  acquainted 
with  the  studies  and  pursuits  of  school. 

I  am  not  about  to  discuss  the  vexed  question  of  Shakespeare's 
classical  learning.  Had  I  time  to  do  so,  I  conld  not  hope  to  add 
anything  to  Professor  Bayne's  essay  entitled  "What  Shakespeare 
Learned  at  School,"  published  in  his  '  Shakespeare  Studies.*  He 
there  details,  from  authentic  sources,  the  general  course  of  gramnuu^ 
school  instruction  in  Shakespeare's  time,  and  examines  the  evidence 
supplied  by  his  writings  of  his  baying  passed  through  such  a  course 
of  study.  Ovid  and  Mantnanus  were  favourite  text  books.  So 
popular  was  Mantuanus  in  the  sixteenth  century  that  pedants  like 
to  him  to  whom  we  are  introduced  in  '  Love's  Labour's  Lost,"  under 
tho  name  of  Holophemos,  preferred  his  *  Fouste,  precor,  gelida,'  to 
'  Armu  virumque ' ;  in  other  words,  the  '  Eclogues  '  of  Montunniu 
to  tho  '  iEneid '  of  Virgil.  Shakespcore's  love  of  Ovid  appears 
most  clearly  in  his  oarly  writings.  The  story  of '  Venns  and  Adonis' 
is  borrowed  from  the  'Metamorphoses,'  and  'Lncrece'  from  the 
'  Fasti.'  On  tho  title-page  of  the  former  ore  two  lines  from  Ovid's 
'  Elegies,'  taken  from  a  poem  of  which  no  English  version  had  lion 
heeu  published.  '  Titus  Andronicus '  is  full  of  allusions  to  Ovit). 
In  'Love's  Labour's  Lost,'  Ilulophcmes  puns  on  his  muno— Ovidins 
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Nmo  —sorest  token  with  Shakespeare  of  aSectionate  familiarity;  "Why 
indeed  '  Naso '  but  for  smelling  out  the  odoriforoua  flowers  of  fancy, 
the  jerks  of  invention  ?  "  The  extent  to  which  Shakespeare  had  steeped 
himself  in  Ovid  was  noticed  by  his  (Hmtemporftrius.  Meres  wrote 
in  1598 :  "  As  the  soole  of  Enphorbus  was  thought  to  live  iu 
Pythagoras  so  the  witty  soulo  of  Ovid  lives  in  mollifluoua  and 
honey-tongned  Shakespeare." 

1^0  ohusical  learning  displayed  by  Sbakospearo  was  precisely 
what  a  clover  boy  might  be  cipectoil  to  carry  away  from  the  free 
gmmmar-Bchool  at  Stratford.  Thus  Coleridge's  conclusion  appears 
to  be  A  jnst  one ;  "  Though  Shakespeare's  acquirementH  iu  tho  dead 
languages  might  not  bo  such  aa  wo  suppose  in  a  learned  educa- 
tion, his  habits  had  nevorthuloss  been  scholastic,  and  those  of  a 
student." 

This  conclusion  agrees  exactly  with  the  testimony  of  a  competent 
and  trustworthy  witness,  so  precisely  iu  point  that  one  is  disposed  to 
Hsk,  why  it  was  ever  thought  needful  to  resort  to  speculation  and  to 
expert  evidence.  If,  indeed,  tho  question  uf  SbakoBpuaro's  classical 
learning  had  to  ho  decided  in  accordance  with  tho  opinions  of  learned 
exports,  wo  might  well  deBpair  of  arriving  at  a  conclusion.  According 
to  critics  like  \\  hatloy  and  Upton,  ho  was  a  kind  uf  poetic  Porson, 
with  head  so  crammed  with  Greek  that  he  cannot  say  of  valour  that 
it  "  most  dignifies  tho  haver,"  without  the  Greek  word  ixttv  being 
preflent  to  his  mind.  Between  this  extreme,  and  Former's  conclnsion 
that  "  his  studies  were  most  demuiistratingly  confined  to  nature  and 
his  own  language,"  yon  may  find  every  possible  form  of  iutormodiata 
belief.  I  do  not  know  a  better  illumination  of  the  value  of  mere 
opinion  and  export  evidence,  in  matters  of  criticism. 

There  is  no  such  ambiguity  about  the  testimony  of  Bon  Jonson. 
When  ho  wrote  of  ShBkos[»oaro  that  he  hud  "  small  Latin  and  loss 
Greek,"  we  feel  sure  that  Shakespoftre  was  criticised  as  a  classical 
c«holar  by  one  who  regarded  himKelf  as  being,  in  this  particular,  his 
superior.  If  I  were  to  hear  it  said  of  one  unknown  to  mo  that  ho 
knew  Lttle  law  and  less  equity,  I  should  conclude  that  tho  subject 
of  tho  conversation  was  certainly  not  a  layman,  but  probably  a  judge, 
or  at  all  events  somo  one  who  had  mado  a  special  Btudy  of  law. 
And  if  I  knew  tho  speaker  to  be  a  censorious  man,  with  a  good 
opinion  of  his  own  attainments,  I  should  consider  it  likidy  that  tho 
man  of  whom  ho  spoke  was  a  fair  lawyer,  though  probably  more 
eminent  in  other  respects. 

Now  tho  great,  and,  on  the  wholo,  generous,  nature  of  Jonson,  was 
infected  with  a  double  dose  of  "  the  scholar's  melancholy,  which  is 
emulation."  His  love  for  Shakespeare,  ho  tells  us,  and  I  have  no 
donbt  truly,  approached  to  idolatry.  And  yet  in  tho  very  passage  in 
which  he  records  his  affectionate  admiration,  he  docs  not  hcsitiito  to 
note  what  he  regarded  as  defects,  and  he  sums  up,  in  wurd^  which 
Bound  strangely  in  onr  oars  :  "  Ho  redeemed  his  vices  with  Ids  virtues. 
Thoro  was  ever  moro  in  him  to  bo  praieod  than  to  bo  ]>ardonod." 
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Jonaoa  ianolliki^  to  liavo  c  1  Sbakeepcwv'H  pro6ct«iiojr  in 

\]iv  iltnwral  ntiMBwi  njinn  irhii  ^       iy  prided  hini6<.'lf.    "Thenidi- 

mentft  of  Greek,"  Mr.  Sidney  Lee  tells  us, "  were  oocasionally  UugLt  in 
Elisabethan  gnmniar-schoolB  to  very  promising  pnpils."  If  Shake- 
qwuebftd  aome  Groek,  wo  may  fiiirly  conclode  that  ha  «ras  a  promifting 
papil,  und  credit  bim  with  tbo  full  aiuuant  of  leaming  which  a  cIoTor 
boy  would  carry  away  from  the  gnimniiLr-school  at  Strfttford — flcholar- 
ship  perhape  tieithAr  critical  nor  profound,  and  not  disdnining  tho  aiii 
of  translati<MU  wheo  procurable,  but  for  literary  purposes  a  saffideot 
tutnxlttotion  to  the  masterpieces  of  the  oldar  civilisations. 

If  tho  early  works  of  Shakespeare  had  been  publisfaod  anonymonBlj, 
and  wo  had  to  seek  fur  some  clnu  as  to  their  probable  authonihip, 
a  CATcful  inquirer  could  not  fail  to  note  thu  frequent  udo  of  legal 
phraseology,  especially  iu  the  Poems  »nd  earlier  plays.  I  lia'a 
nxrcntly  seen  it  stated  that  there  are  no  fewer  than  fifty-r>nc  legal 
term*  and  allusions  in  tho  Poems,  of  which  twenty-nine  occur  in 
Xhv  S<^>unctA.  I  huTO  not  verified  tliis  statement,  but  I  se«  no  reason 
to  doubt  its  accuracy.  Ilemarkablo  as  is  tho  froquoncy  of  lho« 
allusions,  the  manner  of  tht-'ir  Lutri^dnction  is  still  moro  noteworthy. 
They  arc  for  tho  ixmbI  part  of  a  («8ual  character,  introduced  without 
special  reference  to  the  matter  in  hand,  or  to  the  context,  with  nliich 
tliuy  are  often  out  of  harmony.  A  poet  or  a  dramatist  may  umploy  a 
t<.<rm  uf  art  with  strict  accuracy,  without  loading  to  the  cunclusi<« 
that  ho  was  himself  posseflsod  of  teohuicnl  knowk^dgo.  Ho  may  havo 
otjiisultod  a  book,  or  (better  still)  a  friend  skilled  in  tho  art,  when* 
ever  it  becomo  needful  to  make  use  of  technical  language.  But  wboi 
terms  of  art  are  used,  not  of  set  purpose,  but  because  they  preecot 
tliemselves  unbidden  to  tho  writer's  miud,  it  is  impossible  to  avoid 
the  conclusion  that  they  have  lx<come,  somehow  or  otlier,  part  of  bis 
nionlAl  equipment.  No  one  but  a  lawyer  would  go  to  a  law  book  va 
boarch  of  a  simile  or  a  pun. 

It  is,  I  think,   iuii><^s8iblc  for  a  layman  to  realise  tho  extent  tu 
which  legal  terras  and  allusions  are  embedded  in  tbo  ordinary 

guago  of  Sliakcspoare.     It  would  bo  cosy  to  occnmulato  instan   

Some  oro  obvious  enough,  such  as  Rosaline's  pan  on  tho  annonnoe- 
iiti  nt  of  three  proper  young  men  of  excellent  growth  and  preaanaa; 
"  Ito  it  known  unt*)  all  men  by  these  pruaonts ;  "  and  the  ea 
of  Aiitipbotns  of  Syracuse  that  a  man  may  recover  his  hair  by 
rooovory,  cappe<l  by  l)n)mio*B  "Yes,  to  pay  a  fine  for  a  periwig 
tXH'ovor  tho  lost  hair  of  another  man."     Otliers  aro  moro  rcconi 
us  when  Lepidus,  with  a  lawyer's  appreciation  of  the  difference 
tween  taking  by  descent  and  by  purchase,  says  of  Mark  Antony 
bis  faults  are  "  hereditary  rather  than  parohased ;   what  he 
change,  than  what  he  chooses." 

There  is  no  known  fictin  Shakespcaro's  life  associating  him  with 
tho  practice  of  tho  law.     It  is,  however,  reasonably  tvrtaiu   tliat 
found  souio  omployinont  for  his  time  and    his  brains  between 
leaving  schiml  and  liis  coming  to   Lomlou,     "  I  would   thcru  wefo 
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•{TO  bctvrooQ  eixteon  and  tbroe-imd-twenty,"  suys  tho  Shepherd  in 
•  The  Winter's  Tale,'  "  or  thot  youth  would  eleop  out  the  rest." 
Shakespeare  may  have  relieved  tho  tedium  of  those  years  by  some  of 
the  exploits  suggested  by  the  Shepherd,  but  of  liis  serious  occupations 
wo  know  nothing.  There  is  therefore  nothing  to  exclude  any  con- 
clnsion  which  may  fairly  be  suggested  by  his  writings.  Tho  clever 
and  needy  boy  of  sixteen  may  have  found  employment  for  a  time  in 
the  office  of  one  of  tho  six  attorneys  practising  in  the  Court  of  Beoord 
which  we  know  to  have  then  existed  at  Stratford.  He  may  also 
have  earned  his  broad  for  a  time,  as  'tradition  asserts,  by  teaching  in 
the  school  of  Holophernos.  Finally,  tiring  alike  of  school  aud  law, 
ho  drifted  into  play-acting  and  play*writing.  Certainly  tho  ago 
between  sixteen  and  thrce-and-twenty  does  not  seem  to  have  suggested 
hi  his  mind  in  after  life  the  idea  of  sastiuned  effort  or  fixed  purpose, 
but  only  a  certainty  that  tho  "  boiled  brains  of  nineteen  aud  two-and- 
twcnty  "  would  hnnt  in  any  weather. 

Such  familiarity  with  legnl  phraseology  as  we  find  in  Shakespeare's 
works  bc8i)eaks  some  acquaintance  with  law,  but  not  more  than 
could  bo  readily  acquired  by  a  clever  youth  (and  I  suppose  that 
Lord  Frederick  Verisopht's  estimate  of  Shakespeare  still  holds 
g'MMl)  who  had  served  some  sort  of  apprenticeship  to  tho  law,  and 
had  gained  access  to  a  few  law  books.  A  man  may  talk  of  warrants, 
charters,  Icots  ami  law  days,  and  not  be  a  Lord  Chancellor.  Ho 
may  play  on  the  words  "  recovery,"  and  "  assurance,"  and  yet  not  bo 
a  learned  conveyancer.  Jamdyco  r,  Jarndyce  need  not  have  been 
attributed  to  a  Lord  Chancellor,  nor  Itnrdell  v.  Pickwick  to  a 
Cliief  Justice,  even  if  we  did  not  know  that  tho  wiiter  had  piukcd  up 
his  legal  knowledijo  iu  a  proctor's  oflSco.  Where  a  writer  has  a 
little  law  and  sound  brains  he  luay  bo  fairly  expected  to  use  his  legal 
terms   aright.     This   is  what  Shakespeare   for  the  most  part  does. 

»Mr.  Ciu»tlo  indeed  adduces  several  instances  of  the  uso  of  technical 
terms,  otherwiwe  than  they  would  bo  used  by  a  lawyer,  from  which  ho 
O^inoludea  that  the  jflays  were  written  by  a  layman,  who  sometimes 
rolietl  on  his  own  resources,  aud  at  other  times  had  recourse  to  tho 
aid  of  a  trained  lawyer.    But  why  should  this  layman  for  ever  hanker 
tftor  legal  phrases  and  allusions,  iu  season  and  out  of  season  ?     And 
ttrliy,  if  ho  realised  tho  need  of  advice,  did  ho  adventure  on  thuir  uso 
tlio  absence  of  his  adviser  "^      It  is  surely  more  reasonable  to  havo 
Dgard  to  Shakespeare's  legal  phraseology  as  a  whole,  and  to  draw 
Dur  c<incluKion  accordingly.     There  is  a  curious  passage  in  Nash's 
Epistle  to  the  Gentlnmon  Students  of  two  UniverBities,'  in  which 
JO  writes  of  some  tliat  leave  "  tho  tnule  of  noveriut "  and  busy  them- 
idvcB  with    the   endeavours   of  art,  "affording    whole    Hamlets,  I 
should  say  handfuls  of  tragical  speeches,"     This  passage,  which  was 
jirintcd  in  1589,  may  not  refer  to  Shakcsjicaro,  but  that  it  firoves  that 
a  limb  of  tho  law  turned  playwright — for  this  is  the  siguificanco  of 
Niuth's  reforeuce  to  tlio  trade  of  uovi-riut — is  not  an  improbable  sup- 
InuKitiou. 
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Tbera  is  jet  «aotlier  dmaderisttc  of  the  early  plsys  and  poems, 
wkicii  would  be  of  still  greater  ntlne  if  wc  were  driven  to  ducorer 
fbair  anthonhip  from  iatenuil  evidence ;  for  it  would  exclude  maoj 
oompetitors  and  tx^bsiderably  narrow  tbe  area  of  eearcL  I  hm 
olaeabne  oollectad  the  allneions  to  field  sports  and  to  horaemanship 
which  are  scattered  throogbont  thti  works  uf  Shakespeare.  They  an 
tu  be  fuand  in  his  later,  as  well  as  in  hia  early  works,  bnt  nowben 
in  sncb  freebnees  and  abondanco  as  in  tbe  first  heir  of  his  inventioa 
— '  Venns  and  Adonis.'  Of  the  description  of  the  bare-hnnt  in  tbis 
poem  Mr.  Bagehot  remarks,  that  it  is  idle  to  say  that  we  knov 
nothing  of  its  author,  for  we  know  that  he  has  been  after  a  ban. 
This  is  a  ooncira  statement  of  tbe  inference  to  be  drawn  from  tlw 
Shakespearian  allosionB  to  sport  and  to  horses.  In  mere  point  of 
ntunber  they  are  without  parallel  in  liter&tnre.  There  are  to  be 
found  in  Shaket^peare  about  four  hundred  words  and  phrases  dis- 
tinctly relating  to  field  sports,  horses  and  horsemanship.  Many  of 
these  terms  of  art  can  only  be  detected  by  those  who  have  made  a 
special  study  of  the  sporting  literature  of  the  age.  For  example, 
although  the  words  "career"  and  "race"  are  still  in  use,  they  ban 
long  since  lost  tbe  technical  meaning  which  tbey  once  posseesal  io 
the  language  of  the  manege.  Seadinj^  the  passages  in  which  theea 
words  OGOur,  in  tbe  light  of  the  t<:chnical  knowledge  which  Shakespeare 
possessed,  tbcy  acquire  a  fresh  significance  and  convey  a  fuller  mean- 
ing. Time  will  not  permit  me  to  enter  into  this  subject  at  any  length, 
but  I  may  mention  some  of  the  characteristics  of  the  Shakespearian 
allusions  to  sport  or  horsemanship.  Sometimes  they  convey  a  secret 
of  woodcraft  or  horse  knowledge,  as  when  wo  are  warned  against  a 
horse  with  a  cloud  in  his  face,  or  taught  how  to  avoid  scaring  a  herd 
of  deer  by  the  noise  of  a  cross-bow.  Often  they  are  used  in  illustra- 
tion of  human  nature  and  character,  as  when  we  are  told  that  "  hollow 
men,  liko  horses  hot  at  hand,  moke  gallant  show  and  promise  of  tbeir 
mettle,"  but  when  tbe  time  of  trial  comes  on  and  they  should  "  endue 
the  bloody  spur,"  they,  "like  deceitful  jades,  sink  in  the  trial." 
Sometimes  they  convey  a  lively  image,  often  an  irrelevance,  by  which 
I  mean  an  idea  somewhat  out  of  place  with  its  sorronndingB ;  and 
puns  on  words  connected  with  the  chase,  especially  on  the  words 
**  hart "  and  "  deer,"  ore  almost  beyond  couutiag. 

There  is  a  distinctive  note  about  Shakespeare's  allusions  to  sport, 
which  I  have  foiled  to  find  in  either  the  detailed  descriptions  ur 
casual  allusions  of  any  other  writer.  Applying  Mr.  Bagchot's  caooo, 
we  surely  know  something  of  the  man  whose  thoughts  for  over  mn 
on  horse,  hound,  hawk  and  deer.  Wo  know  that  many  yean  of 
his  early  life  must  hare  been  spent  in  the  pursuit  of  sport,  and  if 
we  were  to  draw  any  conclusion  from  local  allusions,  we  sbonld 
infer  that  those  years  bad  been  spent  not  for  from  Gloucestershire 
or  from  Cotswold.  And  hero  we  find  tbe  Shakospeare  of  fact  and 
of  tradition  in  perfect  accord  with  the  testimony  of  his  early  works. 

I  have  directed  your  attention  to  some  aspects  of  the  Shakespeare 
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of  1592,  in  regard  to  which  he  appears  to  be  intclligiblo  and  devoid 
of  all  rajBtery,  saye  only  as  to  tbo  imnieuBity  of  Iiis  genius.  Thoy 
upportain  to  the  ShakeBpeoro  of  this  earth — Bcboolboy;  poBsible 
attorney's  clerk;  certain  huntsman,  courser,  falconer  and  horseman ; 
needy  adventurer  ;  and  theatrical  factotum.  But  what  of  the  Shake- 
speare of  heaven  ? 

The  unity  of  Shakespeare  has  not  yet  been  qaostioned.  No  one 
has  doubted  the  personal  identity  of  Greene's  Johannes  factotum 
with  the  supreme  artiet,  many  years  afterwards  addressed  by  one  of 
the  greatest  of  his  contcraporarice  as  "the  wonder  of  the  stage." 
This,  wrote  Hallam,  is  "  an  improvement  in  critical  ncuteness  doubt- 
less reserved  for  a  distant  posterity." 

Had  Hullam  written  some  twenty  years  later,  his  forecast  might 
have  been  different.  A  generation  in  which  the  existence  of  Shake- 
speare has  been  denied,  might  fairly  be  expected  to  question  bis 
uuity.  By  "  Shakespeare,"  I  mcjin  tbe  author  of  the  plays  and  poems ; 
and  his  existence  as  a  separate  entity  is  surely  denied  by  those  who 
regard  him  as  merely  a  phase  or  casual  development  of  another  man, 
and  the  authorship  of  the  greatest  of  all  literary  productions  as  an 
unconsidered  incident  in  a  life-work  of  an  entirely  difiFerent  kind. 

When  an  irrational  idea  is  entertained  by  men  who  are  in  other 
respects  rational,  we  can  generally  find,  if  we  starch  carefully,  some 
reason  fur  its  existence;  not,  perhaps,  an  exquisite  reason,  but  a 
reason  good  enough,  in  the  absence  of  a  belter.  Katioual  men  who 
believed  in  the  Tiehboruo  claimant  would  tell  you  that  the  mother 
of  Tichborno  believed  in  him,  and  that  she  ought  to  know  her  own 
•on :  a  reason  good  in  itself,  but  overborne  by  the  weight  of  adverse 
testimony.  When  Mr.  John  Bright  said  that ''  any  man  who  Iwlieves 
that  William  Shakespeare  of  Stratford  wrote  '  Hamlet '  or  '  Lear '  is  a 
fool,"  ho  gave  a  reason  for  the  faith,  or  want  of  faith  which  was  in 
him,  and  voluminous  writers  have  done  little  more  than  expand  and 
UlttBtreto  this  concise  statement.  But  ho  overl<ioke<l  tlio  fact  thut 
'Hamlet'  and  'Lear'  wore  not  written  by  William  Shakespeare  of 
Stratford.  They  were  the  work  of  one  who  was  linked  to  the 
man  of  Stratford  no  doubt  by  the  tie  of  personal  identity,  bi  t  sepa- 
rated from  him  in  a  niueh  more  real  sense  by  some  twenty  years  of 
thought,  work,  study,  observation  of  men  and  manners,  aud  (for 
aaght  wo  know)  of  sin,  sulTeriiig  and  remorse,  in  this  city.  Why, 
l>etweon  the  man  of  Stratford  aud  the  Siiakespearc  cf  1592  there  lay 
six  years  of  work  in  Lotidou :  a  time  more  than  su£Bcieut  to  convert 
an  utifledge<l  Bchtmlboy  into  a.  learned  j)rofo68or. 

What  arc  the  chiiracteristics  of  llio  anthnr  of  '  Ilamlot'  and  'Lear' 
which  have  bci^u  noted  as  irreconcilable  with  whut  wo  know  of  the 
man  of  Stratford  ?  They  are  thoBO :  the  cncyclo])n3dio  range  of  his 
knowlodgo,  so  vast  that  specialiBts  in  several  branches  of  learning 
have  claimed  him  as  their  own  ;  his  intimate  acquaintance  with 
human  nature,  as  it  manifests  itself  in  uU  limes  aud  under  all  cir- 
tumstauots,  at  home  and  abroad,  in  courts  and  {lahices,  as  well  as 
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in  favmUer  abodes;  his  familiarity  with  anciont  literature;  bis 
knowledge  of  foreign  langnages,  shown  by  his  use  of  French  tnd 
Italian  books  of  which  no  translatioua  aro  known  to  hare  existed; 
■ad  the  &ek  that,  in  Coleridge's  words,  '*  ho  was  not  only  a  great 
pooi,  bat  a  great  philosopher." 

The  Shakespeare  of  1592,  as  we  discern  him,  was  on  his  way  to 
|)m  atlainment  of  these  great  qnalities,  but  he  had  not  as  yet  attainai 
He  had  lived  for  six  years  in  Loudon  under  the  intelloctniil  inflnence 
dt  Marlowei,  and  probably  on  terms  of  intimacy  with  him.  Marlowt 
•mta  killed  in  1593,  and  a  few  years  afterwards  6hake8{>eare,  quoting 
a  line  bom  '  Hero  and  Leander,'  addressed  tbo  author  a.s  "  DomI 
in  terms  snggestivo  of  personal  attachinent.     In  1593  bo 

iirited  '  Yenos  and  Adonis,'  dedicating  this  "  first  heir  of  his  in- 
TBBtion"  to  the  Earl  of  Southampton.  That  this  dedicatiou  wasaa 
prudential  and  sooceeefol  as  his  cthor  spcculatioos  via  may  infer  from 
the  Tery  diSa«nt  language  which  he  need  a  few  years  later  in  biB 
dedication  of '  Lncreoe.'  He  had  then  become  on  terms  of  intimacy  with 
Southampton,  which  ho  described  as  '  love,'  a  word  at  that  time  <]e- 
soriptive  of  warm  friendship.  If  tradition  speaks  traly  this  sentiment 
was  returned  in  the  snbstantial  form  of  a  gift  of  one  thousand  pounds. 
The  Karl  of  Pembroke  and  the  Earl  of  Montgomery  are  stated  by 
the  editors  of  the  folio  of  1623  to  have  prosecuted  the  plays  and 
"■  their  author  living "  with  much  favour,  a  statemout  of  which  to. 
intarating  illustration  may  be  found  in  a  note  to  Mr.  Wymlbam's 
noent  edition  of  the  Poems.  The  flights  of  the  Swan  of  Arou, 
aooording  to  Ben  Jouson,  "  did  so  take  Eliza  and  our  James,' 
that  wo  may  fairly  conclnde  that  he  was  not  neglected  by  their 
oonrtioiH.  Fuller,  wh>j  was  bom  in  1608,  probably  derived  his  know 
ledgo  of  the  wit  combats  at  the  Mermaid  Tavern  at  first  hand,  ftato, 
those  who  had  witnessed  or  taken  part  in  them.  It  was  by  the 
publication  of  the  Poems  that  Shakespeare  was  first  introduoed  to  the 
}>olito  society  of  the  capital.  Meanwhile  his  fame  as  a  dramatist 
grew  apaoe^  for  in  1598  Meres  ranked  him  first  in  both  tragedy  and 
comedy. 

Of  his  life  in  London,  of  the  men  and  women  with  whom  ho  con- 
versed, of  the  books  which  he  Etudio«i,  of  the  scenes  which  he  wit- 
nessed, we  nuy  conjecture  much,  but  we  know  little  or  uothiug.  If 
there  was  something  (as  many  have  conjocturod  with  Hallam)  which 
changed  the  sweet  and  sunny  nature  of  Shakespeare  to  gloom,  that 
something  must  always  remain  buried  in  mystery.  It  can  derive  no 
clear  or  certain  illustration  from  sonnets  written  (bo  far  as  can  be 
learned  from  external  evidence)  before  the  advent  of  this  ploom 
became  traocAble  in  his  other  writings.  His  love  of  rural  sports,  and 
a  desire,  like  that  of  Scott,  to  attain  a  position  of  conMM^uenoe  in  the 
country,  may  explain  his  abandonment  of  London  life ;  but  it  ostt 
never  solve  the  riddle  of  his  total  neglect  of  tbe  greatest  of  all  lite- 
rary productions.  One  fact,  however,  is  certain.  The  Shakespeare  of 
1592  woe,  in  the  course  of  a  quarter  of  a  contury  of  London  life, 
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subjocted  to  precisely  tho  kiod  of  iafl 
with  illimitable  genius  and  buundlcefl 


uoncos 
powors 


by  wliich  ono  endowed 
acquiring  know) 


(and  those  most  he  assumed  uu  any  byp<]tbcBia)  migbt  in  timo  be 
wrought  into  tho  author  of  'Hamlet'  ami  of  'Lear.  Beading  his 
]>lays  in  chronolitgtcal  order,  wo  can  trace  tho  dovelopmont  of  his 
mighty  intelloct,.  imtil  at  lost  wo  are  brought  face  to  faoo  with  "  a 
thing  most  strnngo  and  certain " :  tho  p<^irs(^)ual  identity  of  tho 
final  outcome  of  all  those  years  with  tho  man  whom  wo  have  been 
considering,  and  whom  we  can  easily  recognise  as  William  Shoke- 
spearo,  late  of  Stratford.  I  live  in  daily  expectation  of  this  identity 
being  qnostionod.  It  is  EatiHfautory  t<)  fuel  that  when  Hallam's 
anticipation  is  fulflllod,  the  interest  of  tho  snbjoot  which  wo  have 
been  considering  will  not  be  lessened.  But  yon  may  then  have  to 
listen  to  many  lectures,  oach  doaliug  with  tho  lifo  and  work  of  ono 
only  of  the  several  individuals  into  whom  criticism  shall  have  re- 
solved tho  cfumponents  parts  of  that  mighty  whole,  wliich,  in  tho 
meantime,  and  proviBioaally,  we  still  call  Willi hm  Sbakespeark. 


[D.  II.  M.J 
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Sn  Wuxuii  Cbookxb,  F.E^.  Vio&-Preeadent«  in  the  duiir. 

LieoL-Geoenl  The  Hon.  Sta  Ajtdrxw  Cuuwt.  B.E.  G.C.M.G. 

8v  Stamford  Baffia  and  tie  Malatf  Slatts. 

Tbb  mbjeet  which  I  wish  to  bring  before  the  Membore  of  the  Boj« 
lastitotioil  to-night  is  one  that  passing  erents  now  inrost  with 
Bpeotal  and  direct  interest  Sir  Stamford  Baffles  and  his  woik  at 
Singapore  and  in  the  Straits  Settlements  mnst  always  claim  thi 
attention  of  those  who  have  dwelt  in  that  region,  and  hare  had  trans 
actions  connected  with  it;  bat  it  has  been  inreeted  with  gencn 
national  importance  and  a  peculiarly  direct  signifioance  by  iU 
relationship  to  the  progress  of  events  in  the  Far  East  At  tb 
present  moment  we  are  able  and  willing  to  appreciate  the  good  worl 
Baffles  did  for  his  country  in  founding  Singapore.  Wo  can  now  al 
see  how  furtnnate  it  was  for  England  that,  in  1819,  be  realised  tb 
importance  of  making  sccnre  the  road  to  the  Far  Eiast,  and  that  bi| 
measores  with  that  object  in  view  were,  after  many  dif&coltiQl 
flfoitaally  crowned  widi  saooessL  If  ho  had  been  beaten  in  hi 
singlo-Iuuided  campaign  against  the  anthoritiee  at  Pcnang  and  ii 
India,  against  also  the  Secret  Committee,  and  eren  the  Cabinet  s 
home,  our  expansion  eastwards  wonld  have  been  fettered,  onr  trail 
would  have  been  deprived  of  fresh  aycnues,  and  nothing  short  of  i 
costly  and  hazardous  war  wonld  have  placed  ns  in  that  jxisitinl 
of  vantage  at  the  southern  promontory  of  Asia,  on  the  open  Lighi 
way  to  the  marts  of  Siam,  China  and  Japan,  which  he  secured  fm 
us  without  a  blow,  and  by  his  own  unaided  but  indomitable  energy 
We  can  all  nf  us  see  these  results  to-<Iay ;  but,  in  paying  on 
tribute  to  this  remarkable  man,  we  should  recollect  that  be  achic-rof 
those  successes  under  great  difficiiltiee,  tbat  he  was  the  object  4 
slanderous  misrepresentations,  that  ho  was  opposed  with  a  bitternca 
unknown  in  the  present  phase  of  society,  and  that  charges  of  gni^ 
and  ineffaceable  purport  were  brought  against  him  by  his  unscrnpuloa 
and  deadly  adverearios.  It  is  only  within  the  lost  few  months  thai 
all  the  clouds  obscuring  the  fame  of  Sir  Stamford  Raffles  have  bed 
dispelled  by  the  unanswerable  official  contemporary  evidence  whid 
Mr.  Demetrius  Bonlgor  has  brought  to  light  in  his  recent  biograpb; 
of  the  Founder  of  Singapore. 

If  the  subject  of  this  picturesque  and  variod  Cftroor,  this  spcctaol 
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of  a  strong  man,  Btruggling,  under  a  weight  of  difficultios  not  of  bis 
own  making,  and  of  wrongs  tbat  he  had  never  merited,  to  the  goal  of 
triamphaut  achievement,  appeals  to  you  who  may  have  never  seen  the 
roadstead  of  Singapore,  with  the  great  ocean  Bte&mcrs  passing  east- 
wards and  westwards  at  piBtul*«hot  from  oox  batteries,  you  will 
understand  how  much  greater  is  the  hold  this  theme  has  estab- 
lished on  the  mind  of  ono  who  had  the  honour  to  hold  practically 
the  same  post  as  that  which  Baffles  filled,  and  who  was  privileged 
to  carry  out  in  the  Malay  States  the  wise  and  permanent  prin- 
ciples of  bis  liberal  and  large-minded  policy.  It  is  that  association 
of  plaoe,  principle  and  policy  that  has  inducod  me  to  accede  to  the 
request  to  address  you  on  the  subject  of  Stamford  Raffles  and  his 
work. 

Before  I  draw  your  attontion  to  the  public  side  of  Sir  Stamford 
Baffles'  career  I  will  sketch  for  you,  as  briefly  as  may  bo,  that  part  of 
bis  private  life  which  preceded  his  attainment  of  official  promiiionco 
jn  the  capacity  of  Lieutenant-Governor  of  the  temporarily  subjected 
island  of  Java.  Born  in  the  year  1781,  with  every  reason  to  believe 
that  his  family  was  of  gontlo  origin  although  its  fortunes  had  for 
some  generations  been  obscure,  young  Stamford  Baffles  was  compelled 
by  the  nocessitics  of  his  parents  to  accept  temporary  employment  in 
the  Secretary's  office  of  tha  India  House.  Hero  he  did  so  well  that 
be  gained  the  approbation  of  his  chief,  Mr.  William  Ranisny,  long 
Secretary  to  the  East  India  Company,  who  at  the  earlioet  opportunity 
brought  him  on  to  the  establishment.  During  thcso  years  young 
Raffles,  after  the  long  hours  of  his  office,  did  everything  in  his  power 
to  supply  the  defects  of  an  imperfect  education,  burning  the  midnight 
oil,  or  to  bo  more  exact  tho  mi<inight  candle,  in  pursuit  of  knowledge, 
despite  his  mother's  protest  against  his  extravagance.  Ho  hod  bis 
reward,  for  early  in  the  year  1805,  before  ho  reached  his  twenty-fourtli 
birthday,  he  was  appointed  Assistant-Socretary  at  Fouaug  witti 
a  large  salary.  He  owed  this  sudden  riso  to  the  good  opinion 
Mr.  Bamsay  bad  formed  of  him,  and  to  tho  general  boliof  in  the  office 
as  to  his  exceptional  ability,  of  which  opinion  tho  Chainnan,  Sir  Hugh 
Inglis,  made  himsolf  the  spokesman.  It  has  now  been  clearly  shown 
that  Mr.  Ramsay  hoii  no  other  motive  in  securing  this  appointment 
for  his  young  friend  tliau  tho  dosiru  to  advance  a  deserving  roan,  and 
tbat  when  he  said  tho  departure  of  his  assistant  was  "like  losing  a 
limb  "  he  intended  no  exaggeration  and  spoke  from  his  heart.  When 
Raffles  got  this  appointment  ho  naturally  bothouglit  himself  of  getting 
married  and  of  securing  a  partner  duriug  liis  exile.  Many  years  must 
elapse  before  he  could  again  sot  foot  in  England,  and  it  was  only 
natural,  as  ho  said,  to  secure  ono  "  bosom  friend,  one  companion  t<> 
soothe  the  adverse  blasts  of  misfortune  and  gladden  the  sunshine  of 
prosperity."  Ho  fonml  this  lady  in  Olivio  Fancourt,  tho  widow  of  an 
Assistant-Surgeon  in  tho  Madras  Kstabliuhment.  Her  maidon  name 
was  Devenish  ;  she  had  resided  in  India  when  her  first  husband  luwl 
died,  and  during  the  nine  yearn  of  her  second  married  lift*  in  the  East 
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she  wofl  the  paragon  of  all  a  mfo  shonld  bo.  Sho  gained  the  estee 
and  respect  of  the  Earl  of  Minto,  who  wrote  of  her  a8  "  the  grdi 
lady,"  and  of  Dr.  Leyden,  who  adtlreedod  one  of  the  happiest  effoti 
of  hie  muse  to  Olivia.  She  fascinnted  hor  husband's  staff,  and  en 
the  Ihlalay  clerk  Abdnlla  probably  revealcid  the  truth  when  he  at: 
**  it  was  she  that  tanght  him." 

On  arrival  at  Panang,  or  really  before  arrival,  while  at  sa 
Ra£9ee  showed  thnt  his  [>«riinacity  and  assiduity  were  not  abated  \ 
the  rise  in  hia  fortunes,  by  turning  his  attention  to  the  study  of  tl 
Malay  language.  He  worked  hard  at  it,  employed  on  Ijis  o*n  acconl 
a  staff  of  native  teachers  and  translators,  and  was  soon  a  qualififl 
interpreter.  Rnt  he  became  much  more  than  a  more  interprela 
He  mastered  Stolay  history,  laws,  and  the  groat  principles  of  navigi 
tion  by  which  the  oommeroe  of  the  Archipelago  had  been  control  la 
He  grasped  the  importaDOo  of  Malacca,  and  by  a  timely  remonstnuu 
he  saved  it  from  the  fate  which  the  Government  bad  decreed.  £ 
road  much  of  Singapura,  "  the  lion  city  "  and  metropolis  of  the  d 
Malay  empire,  and  he  probably  thought  of  reviving  its  departed  gld 
before  ho  knew  that  it  would  make  an  onrivalled  maritime  statioi 
Malay  studios  strengthened  by  a  common  porsnit  bis  friendship  wil 
Loyden,  and  the  importance  of  this  fact  was  that  Leyden  was  tli( 
n*i(lent  at  Calcutta,  and  that  he  had  gained  the  confidence  of  ti 
Governor-General,  Lord  Minto.  If  Baffles  had  been  an  ordinaiy  mal 
the  appointment  to  Penang  would  never  have  poasessed  any  gresK 
significance  than  a  good,  well-paid  post,  and  his  name  wonM  ntvi 
have  boon  handed  down  to  posterity  as  one  of  onr  greatest  Pro-Consnl 
At  Penang  there  never  was  the  least  chance  of  any  special  distiuctia 
There  is  no  need  to  disgnise  the  fact  that  Raffles  was  ambitions.  I 
broke  through  the  barriers  of  local  insignilicanoc  that  woald  have  hoi 
him  confined  in  a  vegetating  existence  until  he  addc4l  his  own  i>f  tl 
numcroos  gravos  of  bis  colleagues  on  the  islaud,  or  returned  to  pal 
his  closing  years  in  England  with  an  impaired  constitution  and  a( 
one  of  all  bis  dreams  achieved.  Ho  looked  beyond  Penang,  he  sd 
the  opportunity  of  freeing  the  Straits  and  the  Spice  Islands  from  tl 
jealous  control  of  the  Dutch  which  arose  ont  of  the  temporary  osea 
tion  of  French  authority  Uirough  Napoleon's  incorporation  of  He 
land.  These  events  were  of  public  notoriety ;  thoy  formed  the  top 
of  conversation  both  at  home  and  abroad,  bat  Raffles  alone,  with 
singalar  prescienoe  and  forethought,  at  once  saw  how  they  could  t 
turned  to  Imperial  a4lvantage. 

Ho  left  Penang  on  leave,  and  ho  went  to  Calcutta.  Ho  \s\ 
received  by  Lord  Minto,  on  whom  he  made  a  most  favourable  inipra 
sion,  and  in  a  few  weeks  he  won  the  Govemor-Geucral  round  to  b 
policy  of  con(iuering  Java  as  the  srro  way  to  secure  for  over  th 
predominance  of  British  commerce  in  the  waters  of  the  Far  East,  h 
that  moment  Raffles  was  exactly  twenty-nine  years  of  age.  Yet  fa 
some  inscrntablo  roosou  this  half-forgotten  and  unappreciated  puhlJ 
servant  is  even  to-day  slighted,  judging  by  the  inadequate  roooptia 
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his  biograpliy  has  mot  with,  and  by  the  reluctance  the  critics  have 
sbowu  to  accept  bis  cbiiius  to  greatness  at  the  jast  rato  bis  services  to 
the  country  nnd  tbo  Empire  both  dcmaml  and  justify. 

Well,  he  was  only  tweitty-Qirie  wheu,  coming  as  a  stranger,  be 
won  the  responsible  ruler  of  India  round  to  his  views  on  a  question 
■pf  external  policy  which  entailed  the  despatch  of  the  largest  expcdi- 
PlioD  up  to  then  sent  from  tbo  Kliores  of  India.  He  not  only  framed 
the  policy,  but  bo  was  entrusted  with  the  tusk  of  carrying  it  out.  I 
will  not  detain  you  with  the  details,  but  be  dischar-^ed  bis  task  with 
nnerring  wisdom  and  unsurpassed  energy.  He  mou  discovered  tbo 
best  route  for  the  eipcilitiou  to  Batavia,  one  that  had  never  jireviously 
Ikxjh  used  by  Europeans.  The  olVicors  of  the  Ii,i)yal  Navy  laughc<l  at 
hiui,  or  rather,  thought  slightingly  of  bis  proffswtd  knowledge  of  this 
eeu  route,  and  predicted  nothing  but  niii^fortuno,  but  bo  bad  the 
langb  of  them,  for  the  niuto  followed  proved  perfectly  safe,  and  the 
expedition  reached  the  roiulstoad  of  Batavia  without  Insing  a  ship  or 
ovou  a  Fpar.  Tbo  nltimate  success  of  the  undoitaking  was,  to  a  great 
extent,  dopondent  on  the  early  arrival  of  the  ships  on  the  coast  of 
Java,  and  this  was  duo  maiuly  to  tbo  courugo  and  confidence  shown  by 
KaQles. 

If  the  service  Raffles  rendered  tbroughnnt  the  preparations  of  the 
Java  expedition  wns  great,  ro  was  his  reward.  lie  de.«orvoil  it.  no  doubt, 
bat  pnblio  servants  do  not  always  get  what  tbty  ilcscrvo.  To  do  that, 
every  one  of  tbo  higher  powers  would  have  to  bo  a  Lord  Miuto — ^just, 
generous,  with  the  will  to  bestow  the  merited  reward  and  the  courage 
ti  stand  or  fall  by  those  they  nominate.  Well,  UufHes  was  made 
Lieutenant-Governor,  with  the  fullest  powers,  of  the  irtlnnd  of  Java 
immodiatoly  after  its  conquest.  1  do  not  intend  to  dwell  on  big 
remarkalde  admiuistration  of  that  beautiful  and  still  but  partinlly- 
dcvelofwd  island.  It  will  suffice  to  say  thot  in  five  years  ho  pacitiod 
the  portion  left  under  the  nativo  sultans  in  a  manner  tliat  no  former 
Government  bad  ever  atttMiipted,  be  raised  the  industrial  and  agri- 
cultural proB]>erity  of  the  island  to  the  highest  |Miint,  and  he  increased 
the  revenue  sevenfold.  I  lis  govenimcnt  of  Java  forms  one  of  the 
brightest  pages  in  the  history  of  Anglo-Indian  administration,  but  iho 
Fnteii,  or  to  lio  more  precise,  tbo  Congress  of  Vienna,  docreetl  that  the 
island  should  bo  restored  to  the  Dutch,  and  thus,  exce]>t  as  a  nxKlul, 
tbo  Work  of  RufHes,  in  probably  the  richest  and  most  beautiful  island 
of  the  worhl,  came  to  an  end. 

This  meant  much  more  fnr  Raffles  than  the  bws  of  a  Liontennnt- 
Oovcmorship.  It  signified  the  destrnction  of  his  hopes,  of  his 
ambition,  not  for  himself  but  for  the  country.  Java  was,  in  his 
hands,  to  be  the  stepping-stono,  the  half-way  house  to  China  and  to 
Japan.  It  was  to  secure  for  England  the  position  in  those  seas  of  an 
nndi^putod  supremacy.  She  was  to  be  the  beneficent  mistress  of  tho 
countless  islands  of  the  Archipelago,  and  tbo  security  of  her  posititm 
was  to  be  based  on  the  generosity  of  her  comuiorcial  policy  towards 
tbo  rest  of  the  world.  Raffles  was  a  Free  Trader  before  the  phroao 
Vol.  XV.  (No.  92.;  8  u 
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trM  knovn  in  party  politics  at  hom*^.  Whilo  tlxe  Ea^  lud 
Comp«nj  clang  to  its  monopolies.  Baffles,  its  seryant,  maile  eva 
port  trithin  its  jnrisdiction  m  Free  port,  and,  with  the  one  exceptit 
of  opiam.  allowed  every  article  to  be  exported  or  imported  nnJ 
all  friendly  fl;ig8  at  a  CTistoms  rate  of  five  per  cent.  Lastly,  witlt 
the  sbortaBt  radios,  he  eoagbt  for  the  finest  uaval  8t»tioa  tit 
Nature  had  provided  in  those  eeaa.  lie  thon^bt  he  had  foaad 
in  Banca,  or  in  Billiton.  All  these  hopes,  these  ambitions  if  f 
vill,  were  dashed  to  the  ground  by  the  Congress  of  Yienna.  I 
the  great  fabric  of  beneficent  rule  and  Imperial  power  created 
the  mind  of  Raffles,  and  of  which  his  energy  and  address  bl 
laid  the  comer  etone,  nothing  remained. 

Under  the  sbadoiv  of  this  great  disappointment  Raffles  came 
Eaglaiid  in  1816.  He  rttorncd  tn-o  years  Inter  to  the  Eoit  I 
Lieutenant-Governor  of  Fort  JIarlborongh,  or  Beneoolen,  in  Snmaii 
Me  was  charged  with  no  special  mission,  uor  was  he  entrusted  vi 
the  execntion  of  any  external  policy.  He  was  to  confine  his  attentii 
to  the  local  matters  of  what  was  called  rn  those  days  the  West  Ooa 
and  he  was,  if  possible,  to  reduce  the  huavy  expenditure  of  i 
establishment.  At  Boncoolen  those  who  drend<>d  the  active  imagii 
tion  and  nntiring  energy  of  Stamford  Raffles  folt  euro  that  lie  wou 
have  no  opportunity  of  disturbing  their  tranquility  by  raibi] 
burning  questions,  by  contending  for  rights  that  they  were  w< 
content  to  see  lost  or  left  in  abeyance.  All  they  hoped  from  h: 
was  that  he  would  increase  the  cultivation  of  pepper,  improve  t 
ti(K<k-kccping  of  tlie  offices,  and  perhaps  indulge  in  the  harmU 
direction  of  nataral  history,  that  activity  of  mind  which  thej  k 
him  to  posses?.  Such  were  tlie  motives  of  those  in  power  when  t 
sent  back  to  the  East  the  man  who  had  inspired  the  Govcmi 
General's  policy  in  a  great  issue,  and  administered  the  atfairs  til 
thickly  populated  island  with  a  skill  not  inferior  to  that  of  Wi 
Hastings. 

I  have  now  brought  yon  to  the  turning  point  in  this  great  mi 
career.  His  banishment  to  Sumatra,  for  that  is  what  the  appoi 
ment  would  have  signified  to  an  ordinary  Governor,  was  intended 
put  an  end  to  his  opportunities  of  agitating  the  minds  of  his  BU{>erii 
in  Lidia  and  London.  Tbey  did  not  want  to  be  troubled  any  mo 
about  the  questions  of  the  Archipelago  or  the  Dutch  proceediq 
therein,  and  tbey  believed  that  the  deplorablo  condition  of  thi 
moribund  settlements  on  the  West  Coast  would  effectually  prevfll 
his  meddling  with  anything  outside  them. 

We  know  how  baseless  was  this  expectation.  Local  affiiirs,  tl 
limited  horizon  of  a  Sumatran  station,  were  incapable  of  chainil 
the  imagination  of  a  man  who  had  known  how  to  emancipate  himM 
from  Penang  and  to  become  one  of  the  leading  personages  in  ti 
Anglo-Indian  world.  He  had  much  to  do  at  Bencoolen.  He  did  i 
He  restored  the  prosperity  of  that  station,  he  established  I 
equilibrium    in    the   finances,  and   ho   arrested    the   decline  in  l) 
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furtoDOS  or  tbo  West  Coast.  But  whilo  he  did  this  his  energy,  his 
vigilance  and  his  aiukcity  remained  undiminished  for  his  great  and 
final  struggle  with  England's  grtut  rival  in  the  East.  He  8«w  that 
tliere  was  do  one  else  who  would  essay  the  task,  nnd,  with  his 
buoyant  spirit,  he  assumed  the  direction  of  the  necessary  national 
fKilicy  in  this  quarter  of  the  Far  East.  Well  for  Fiugland  was  it 
that  ho  did  so,  as  the  opportunity  ho  saw,  if  it  had  been  then  lo^t, 
might  never  have  recurred. 

The  restoration  of  Java  to  the  Dutch  was  inevitable ;  gruit  as 
trns  the  loss  and  the  pity,  we  could  not  retuin  it  except  by  setting  a 
bad  example  to  the  other  European  Powers  who  wishe<l  to  benefit  by 
the  i)ro8tration  of  Franco  afttr  Waterloo.  But  with  the  restoration 
of  Java  we  had  done  all  that  tho  m(wt  exacting  sense  of  justice  could 
require  of  us.  There  was  no  reason  for  us  then  to  sit  down  supinely 
whilo  the  Dutch  extended  tho  area  of  their  authority  and  made  their 
position  tho  baae  of  aggressive  operations  at  our  exjiense.  They 
reoovero!<l,  by  tho  Castlereagh  Convention,  Malacca  and  Java.  They 
found  the  island  of  Java  in  a  floarisbiug  condition.  On  the  records  of 
tho  Government  stood  the  facta  as  to  tbe  schemes  and  views  of  llafHes. 
They  took  over  his  surplus,  and,  to  tbe  best  of  their  capacity,  they 
also  took  over  his  projects.  They  seized  Billitou.  they  laid  hands 
on  Banca,  tlicy  assorted  their  jurisdictiuu  at  Palinibany,  and  they 
planted  their  flag  at  Bhio.  In  this  manner  they  secured  nim-h 
more  than  they  ever  possessed  before.  Their  hold  on  the  Straits  of 
Malacca  was  tightening,  and  if  tho  British  authorities  had  remained 
inactive  for  but  a  few  mouths  longer,  there  seems  no  reason  to  doubt 
that  they  would  havo  brought  under  their  Aug  the  whole  of  tho 
territories  of  .lohore,  within  which  stood  tho  peerless  harbour  and 
roadsU-ad  of  Biugnpore. 

At  that  snpn^niely  critical  moment  Raffles  readied  Bonooolon. 
He  took  in  the  whole  situation  at  a  glance.  Tbe  Dutcli,  he  said,  ha<l 
scarcely  left  na  a  foot  to  Ktaiid  on,  but  tliero  was  still  time  to  sccnro 
that  foot.  He  reached  Benco(den  in  Murcli  1818  ;  laeat  once  addressfd 
the  Governor-General,  the  Marquis  of  Hastings,  who  had,  in  the  matter 
of  the  Gillespie  charges,  shown  himself  none  too  well  disposed  towards 
Itaffles,  and  in  July  ho  was  invited  to  come  to  Calcutta  to  discuss  tlio 
situation.  liaifles  did  not  waste  a  day.  Immediately  on  receipt  of 
this  invitation  he  hastened  to  Calcutta  in  a  miserable  country  boat, 
and  laid  his  plana  and  proposals  before  Lord  Hastings.  He  siic- 
coeiled  first  of  all  in  making  bis  peace,  as  lio  termed  it,  with  the 
(iovemor-Oeneral,  who  went  so  far  as  to  say,  "Sir  Stamford,  you  cah 
depend  on  me."  But  his  second  sncceas  was  tbo  grt^ater,  fur  ho 
obtained  the  Governor-GeDeral's  authoritv  to  counteract  Dutch 
encroachments  by  establishing  British  influeuco  and  autiiority  iu 
Aoheen  and  at  Khio.  In  itotityiug  this  nuws  to  a  friend  he  added, 
"  At  Rbio,  I  fear,  wo  may  It©  too  latf."  Within  little  more  than  six 
inontiis  of  his  return  t<i  th4>  East,  lintUes  had  litusolitatniMl  perntission 
to  do  what  no  uue  cLm  would  do,  viz.  to  keep  the  ^trails  open  for 
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BritiBli  trade  and  to  place  a  cbeck  on  tlie  cscludiug  policy  of 
Dntch.      He  thus  resumed,  in  a  different  fortu,  the  ta«k   be 
crowned  with  stiocoss  in  Java,  of  obtaiuiug  ou  the  road  to  the 
East  a  free  port  and  a  naval  station  adequate  for  the  oxpaiuion 
security  of  Brititib  trade.     In  the  first  act  he  had  been  beaten  by 
force  of  circomBtancea,  and  by  the  fact  that  the  political  requirenii 
of  Buro[)e  never  allowed  the  local  argomeata  in  favour  of  retend 
to  be  iiujiartinlly  conbidered  ;  but  now,  in  the  second  act  of 
with  the  Dutch,  there  was  a  reasonable  chance  of  soooess, 
the  Governor-Geuoral,  at  least,  had  iKscome  alive  to  the  m 
doing  something.     Thus,  for  the  secuud  time  in  his  career, 
brought  a  Governor-General  of  India  round  to  bis  views,  and 
the  policy  of  tlte  cnnntry  cfuform  to  his  views  of  the  situatioi 

On  28th  November  and  5th  December,  1818,  Ruffles  reoai] 
instructions  to  proceed  to  the  Straits  of  Malacca.  In  the  ft 
was  laid  down  that  "  the  proceedings  of  the  Dutch  authoritiea  in 
Eastern  Seas  leave  no  room  to  doubt  that  it  is  their  policy  to  exi 
their  supremacy  over  the  whole  Archipelago."  To  counteract 
injury  to  British  trade  from  this  pcdicy  it  was  proposed  to 
"  the  establishment  of  a  station  beyond  Malacca  such  as  might  coi 
both  the  Straits  of  Malacca  and  of  Singapore." 

The  {>ort  of  Ilhio  was  suggested  as  the  most  likely  placp,  and 
one  where  the  Dutch  hiid  no  right<>.  In  the  second  d«spatch,  p 
vision  was  made  for  the  Dutch  having  forestalled  the  British  in  I 
occupation  of  Rliio.  In  that  event  au  arrangement  was  sanctioi 
with  the  Sultan  of  Johore.  The  sigiiifioaiice  of  this  reference  lay 
the  fact  that  the  port  of  Johore  was  the  old  Zion  City  of  the  M&li 
Singapura  or  Singapore,  and  how  thun^ughiy  Bafflos's  mind  was 
on  this  point  may  be  inferred  from  his  saying  in  a  letter  writ 
few  days  after  ho  received  his  instruction,  ou  board  ship  at  the 
of  the  Hooghley,  "  do  not  bo  surprised  if  my  next  letter  to  jott 
dated  from  the  site  of  the  ancient  city  of  Singapura." 

We  have  now  reached  the  p<^int  at  whii:h  RafBes  has  nut 
obtained  the  highest  sanction   for  his  measures  to  coantt-ract 
spread  of  Dutch  induence  to  the  exclusion  of  British,  and  the  vi 
moment  when  ho  bud  practically  fixed  in  his  mind  the  place.  Sir; 
pore,  by  the  acquisition  of  wliich  ho  intended  to  <lefoat  their  pcdi 
I  do  not  intend  to  enter  into  the  question  of  the  rival  pretci 
Colonel  Farqiihar.     Mr.  Boulgor's  researohes  and  the  officii 
ments  have  settled  that  dispute.      But  having  just   quoted 
letter  from  the  Sandhoads,  lot  me  follow  it  up  by  saying  that 
on  his  arrival  at  Penang,  on  1st  Jannary,  1819,  Raffles  wroi 
Govei-nor-General,  "  the  island  of  Singapore  appears  to  mo  to 
peculiar  and  great  advantages  "  for  the  deaired  station.     In 
mind,  as  recorded  on  tho  official  records.  Raffles  had  fixed  on 
position  of  Singapore  lung  before  he  saw  it.     His  Malay  stndica 
matle  him  acquainted  with   its  past  history,  and   he  entc: 
reasonablo   ho]ie  that  it   would   bo  possible   to  roYiro  it* 
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importance  nndor  the  British  flag.  On  29tli  Febniftry,'  1819,  be 
hoisted  the  Uhiod  Jaclt  at  Singapore,  and  iii  the  nearly  eighty  years 
that  have  since  elapsed,  the  evidence  as  to  the  value  and  impurtanoe 
of  what  Sir  Stamford  Baffles  acquired  for  ns  has  been  steadily 
increasing,  and  with  every  prospect  of  further  tlevelepnicut.  Wo  can 
Bco  with  our  own  eyes  by  its  goograpbical  position  the  magnitude  of 
its  trade,  the  prosperity  of  its  settlurs,  of  what  momentous  import- 
ance Singapore  is  to  the  British  Empire.  Survey  the  ring  of 
British  stations  that  girdle  the  globe,  and  I  doubt  if  there  is  one 
more  indisiionsable  for  our  security.  But  Baffles  saw  these  things 
in  anticipation.  Singapore  whs  a  barren  Bp4>t  with  few  inhabitants 
and  cue  etnall  block-bouse  erected  in  baste,  when  he  wrote,  "  it 
has  been  my  good  fortune  to  establish  this  station  in  a  position 
combining  every  possible  advantage,  geographical  and  local,"  and 
again,  "  you  will  be  happy  to  hear  that  the  stotiou  of  Singap<ire  con- 
tains every  advantage — ge<igraphical  and  local — that  wo  can  desire, 
an  excellent  harbour  which  1  was  the  lirst  to  discover,  capital  facilities 
for  defence  to  sliijiping  if  necessary,  and  the  port  in  the  direct  track 
of  the  China  trade;  wo  have  a  flag  at  St.  Jolni's,  and  every  ship 
passing  through  the  Straits  must  go  within  Lalf-a-mile  of  it,"  These 
expressions  of  opinion,  written  within  a  few  days  of  the  hoisting  of 
the  British  flag  at  Singapore,  will  show  what  its  founder  thought  of 
its  future.  It  will  suffice  for  mo  to  say  that  all,  and  more  than  all,  ho 
foretold  has  been  fully  realised. 

That  is  how  we  obtained  Singapore.  Let  mo  tell  you  in  a  few 
words  how  nearly  we  lost  it.  You  have  seen  how  quickly  Baffles 
acted.  Within  seven  weeks  of  his  sailing  from  the  Ganges  he  hod 
planted  the  Union  Jack  at  Singapore.  Those  were  the  days  of  slow 
sailing  ships.  Three  weeks  were  taken  in  the  voyage  to  IVnang, 
another  three  weeks  were  passed  ut  I'onang,  and  less  than  a  week 
sufficed  for  this  energetic  niaTi  to  visit  mid  reject  the  Carinionos  and 
to  o'-cnpy  Singajwre  by  treaty  with  the  Sultau  of  Johore.  It  was 
well  thot  Raffles  acted  witli  this  promptitude,  for  on  the  receipt  of  a 
.  dc8})atch  from  Lord  llastings  to  the  ctloct  that  he  inloudcd  to  employ 
ItufflcB  on  a  special  minsiou  to  the  Straits,  tlio  Secret  Committee  sent 
out  a  furious  despatch  forbidding  his  employment,  and  declaring  that 
"any  diflerence  with  the  Dutch  will  bo  created  by  Sir  SlmnCord 
~  es'  iutemperanco  of  conduct  and  language."  These  official 
•tiscks  BO  far  influenced  Lord  Hastings  that  on  20th  February,  1819, 
lio  sent  orders  to  Raffles  tfi  give  up  the  plan  of  founding  a  port  and 
to  return  to  Bcncoolen,  Fortunately  before  that  despatch  was  even 
penned  tlio  matter  ha<l  been  suttled,  and  Lord  Bastings  supported 
the  fait  a/voi»jj/i.  The  Dutch  protestetl  and  indulged  in  a  jmper 
'^w,  which,  as  Baffles  throughout  predict4!d,  was  all  thoy  conid  do. 
The  arguments  and  facts  were  against  tbem  ;  but,  if  there  had  been 
telegrajdiH   or  even   steamers   iu   those   days,   Raffles   would   never 
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havo  succeeded  in  sscuring  Singapore  in  the  teeth  of  his  offii 
superiors. 

As  stated  aboTO,  on  the  !20tb  Fobmnry,  1819,  BAfBes  forma 
occupied  on  his  own  responsibility  tbo  island  of  Singapore,  and 
tinned  to  watch  over  its  progress  till  ho  finally  left  it  on  the  9th  J 
1828,*  having  on  his  departure  received,  amongst  other  triliat«« 
reapect  and  esteem  Rccorilod  to  him,  including  one  fnmi  the  Sup 
Cuuncil  of  India,  an  addicas  from  the  people  of  Singapore,  iu  whi 
it  states,  "  at  such  a  moment  tre  cannot  be  suspected  of  panegy 
when  we  advert  to  the  distinguished  advantages  which  the  conun 
cial  interests  of  our  nation  ut  large  have  di^rived  from  your  penal 
exertions.  To  your  unwouriod  zeal,  your  vigilance,  and  your  c 
prehonsive  views,  wo  owe  at  once  the  fouudiitinu  and  maiuteni 
uf  a  settlement  unparallcd  for  the  liberality  <f  the  principles  on  whi 
it  has  been  established — principles  the  operatiutt  of  which  lut* 
vertod,  in  a  period  short  beyond  all  oxamplu,  a  liuuiit  of  pirates 
the  abode  of  ontorpriso,  security  and  opulisnce." 

After  Rafflt-s'  departure,  Singapore  and  the  settlements  on 
Straits  wore,  under  Bueccssivo  Governtnento,  limited  to  the  ordi; 
administration  of  an  Indian  out-station.  The  failure  of  a  militt 
expe<iition  in  1831,  and  the  partial  success  of  one  sent  in  1832 
retrieve  that  failure,  on  the  Malacca  froutier,  induced  the  lu<ii 
((uvcrumcnt  to  withhold,  more  or  less,  all  intervention  io  the  uati 
states  amongst  which  its  settlements  were  situated.  On  the  tnuii 
of  these  settlements  to  the  direct  authority  of  the  Crown  the  a 
pulicy  was  continued,  and  thus  remained  t.ll  1874. 

In  order  to  form  a  just  estimate  of  the  value  of  what  haa 
done  in  the  Malay  Peninsula  it  would  be  neocseary  to  describe 
coudition  in  January  1874,  vvhtm  it  was  determined  that  the  intri 
struggles  which  were  then  paralysing  trade  in  all  thu  western  al 
and  decimating  the  population,  had  become  a  serious  danger  to 
neighbouring  British  settlements.    Years  of  gnerills  warfare  betwfl 
rival  IVlalay  chiefs  and  their  adherents  on  the  one  hand,  and  bet^ 
various  Chinese  secret  societies  and  factions  on  tlio  otliiir, 
stop  to  all  legitimate  work.     Towns  and  villages  had  boeu 
mines  closed,  orclianls  wasted,  and  tiehls  left  uncultivated 
There  was  no  safety  for  life  and  proficrty,  no  money,  no  trade, 
little  food  in   the  country.     Lawlessness  and  opprv^eiou  prev 
every  where,  and  those  who  found  it  hard  to  live  on  shore  took  Ut 
water  and  made  the  Straits  of  Midacca  the  scene  of  their  o 
S')  that  hardly  a  day  passed  but  some  small  trading  vessel 
attjicked  and  burnt  after  the  entire  crew  had  been  mnrdortfd 
bikbly  at  no  time  had  the  ill  fame  of  the  Malacca  Strsits  su 


*  Sir  8.  Itafflng  died  on   tiii>  4tli  .luly,  18S6,  after  Im?in|;  U>^i> 
tfrst  PresiJeut  ol'  the  Zoi>li>f,'iiyil  Siieuay  in  tlio  prrvinus  A|iril. 
which  linti  given  jiieusiin.'  to  luillii'iia  of  yoiiuf  luxl  nld,  wiia  found' 
his  escrlioDN. 
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justified  its  reputation  for  acts  of  piracy  as  in  the  closing  months  of 
the  ye«r  1873. 

For  |)HrticuIaT8  of  the  terrible  sufferings  and  terrible  oppression 

of  the  Malay  working  classes,  men  and  women,  it  would  be  well  to 

cijnsiilt  the  reports  written  by  the  Rcsideuts  and  forwarded  tu  the 

Colonial  Office.     Briefly,  it  may  be  said  that,  while  the  foots  were 

more  than  enough  to  justify  the  interference  of  Great  Britain,  far 

too  long  delayed,  it  liap]>ened  that  at  this  very  time  influential  Malay 

chiefs  in  Peruk,  Selau^or  and  Sungei  Ujong  sought  the  assistance  of 

the  Govirruor  of  the  Straits  Settlements  to  put  an  end  to  a  state  of 

aiTiiirs  which  had  got  beyond  their  control,  and  in  Peruk  the  claimant 

to  the  supremo  {Hjwer  asked  that  a  British  officer  might  be  sent  to  aid 

^  liim  iu  the  administration  of  the  government  of  the  couutry. 

H         This  was  the  moment  at  which  it  was  decided  to  interfere  for 

^f  this  purpose,  and  what  is  known  by  the  Treaty  of  Puuikoru  was  the 

H  n-Bult.      The  GdTcrnor  of  the  Straits  Settlements  went   to  Peruk, 

^  taking   with   him   the   officers   considered   best   qualifit^d    to    assist 

iu    the   difficult    task    of   pncifying  Miilnys    and    Chinese,    putting 

down  all  violotice  with  a  Arm  baud,  healing  old  sores,  making,  or 

attempting    to    make,   reconciliation  of  qaarruls,  restoring  to  their 

homes  women  who  had  been  captured  and  carried  into  slavery,  and 

dividing  the  mining  lands  between  opposing  factions  of  Chinese. 

All  this  was  done,  but  not  all  at  once — this  and  a  great  deal  more — 

and  while  it  is  interesting  to  toll  in  a  few  words  tho  result  to-day 

Iuf  the  experiment  made  twenty-four  years  ago,  it  is  still  more 
interesting  to  note  tlie  means  by  which  that  result  has  been  brought 
about. 

A  few  figures  and  one  or  two  facts  will  best  illustrate  this  result. 

In    1874    o    rough    approximation    of  the    then    population   was 

Msnmed  at   180,000.     In   IHUl,  when  a  fairly  roliablo  census  had 

been  taken,  tho  pupulution  of  the  four  protected  states  was  424,218 ; 

whilst  the  last  census  raises  the  population  to  G10,09c(. 

The  total  land  revenue  in  1875  was  866  dollars;  in  1895  it  bad 

|xc«:hed  511,237. 
The  total  reveuue  of  1875,  tho  first  year  in  which  it  was  at  all 
r<!gulnrlv  collected,  was  409,304  dollars;    in  1S9G  it  amounted  to 
8,434,083. 
Tiie  vuluo  of  tho  tfitjil  imports  and  exports  were  in  1876,  as  far 
RS  then  could  lio  ascertained,  a  miliiuu  and  a  half  iluUars ;  in  18'J6 
it  just  toucliod  fifty  millions. 
In   1874,  bi'yond  an  oooasioual  native  path  or  elephant   track 
ilirough  the  jungle,  no  road  existed;  DOW  a  network  of  well  graded 
and  miMiadujnitUid  rouds  traverses  these  Stales.     In  addition,  railway 
works  have  been  carried  on,  and  uru  buing  rapidly  extended,  and  last 
year's  revenue  from  those  was  u  little  over  300,000  dollars. 
H         Irrigation  works  have  made  go<jd  progress. 

H         In  civil  administration  tho  cstahlishnient  of  judicial  and  police 
Htribunals,  schools,  hospitals,  as  well  as  police  stations  and  gftols,  all 
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of  drilisation,  h».re  been  prorided  ;  nor  has  culture,  in  I 
of  auneaaiB  amd  libnri««,  been  wholly  neglected. 

TIkB  luutary  boardi  hATe  dine  good  work. 

TIm  euilioiil  fntaie  «f  interest  in  the  story  is  tbo  mcani 
which  all  ptncj  and  land  fitting,  whether  by  Chinese  nr  MnUj 
mssbaolatalyslUDped  oat;  by  which  taxation  was  alm<i^'  A 

•laveiy  ■■inii»— wl.  justice  done,  roads  and   railways   i  i 

priscm  and  ho^itals  bailt  and  maintained,  and  above  all,  tL*^  cliifl 
TWOACtlad  to  th«  new  life,  and  the  recognition  of  eqnality  of  all  noi 
and  daasB  faeCore  the  law.  It  has  been  done  by  the  residents  Ityi] 
4owii  and  maisHiig  oo  the  constant  recognition  of  the  principle  td 
the  iiilwls  of  the  people  they  were  aet  to  govern  should  hu  iLic  Gi 
nwMJiiwstinii  of  GoirenuaeBt  offioen.  By  learning  their  ]aii<;njt9 
tlMtr  pcigvdioei^  their  dancter,  and  l>r  c^bowiog  the-m  that  ra 
aidentioa  which  alooe  oaa  secore  srnipatby  and  a  good  nndfrstai 
ing  between  Govanuaent  and  people,  their  respect,  and,  to  mi 
estaat,  their  afeetioB  has  been  won.  The  natural  tendencies  of  a 
•le  noi  ezaetly  incline^  to  theae  lines,  and  what  has  been  dot 


and  the  preeent  leeling  aa  to  how  the  natives  should  be  treated, 
doe  to  the  peraooal  inflneoce  of  a  snoceeBion  of  Beeidents  who  gaiq 
their  knowledge  by  their  own  intelligence  and  experience ;  fur  On 
ware  no  aathoritioe  to  ocmsnlt  the  administrative  experiment  in  I 
Malay  peninsola  standing  alone,  and  having  no  parallel  in  Brit 
administration  of  alien  races. 

The  Beaidents  were  told  they  wore  to  collect  and  administer  I 
roTennes  of  the  State  to  which  they  were  accredited.  They  w< 
also  told  their  advice  was  to  be  asked  and  acted  upon  in  all  qnestil 
except  those  of  Mahomedan  law  and  Malay  cnstotn.  At  the 
time  they  were  warned  that  they  were  only  "  advisers,"  and  that 
tlicy  went  beyond  that  they  would  be  held  responsible  for  any  truul 
Mhich  should  arise  from  their  action,  in  what  mast  have  be«i  eyi 
ally  described  as  "  a  delicate  and  difficult  position ; "  but  the  vi 
elastirity  and  wide  discretion  of  this  policy  was  the  foandatiun  of  j 
marvellous  snccess.  It  would  certainly  not  be  easy  to  conoeiva 
mi>re  impossible  position.  Entire  control  of  all  rovonne;  to  be  c< 
salted  about  everything,  and  the  advice  tendered  mutt  be  follows 
That  clearly  implies  the  responsibility  for  tbe  whole  GovemnK 
of  the  country.  But  then  the  individual  who  held  this  positi 
was  to  remember  that  he  was  only  an  adviser,  not  a  ruler ;  he  bad 
means  to  enforce  his  directions,  and  he  was  warned  that  ho  would 
held  personally  responsible  for  any  trouble  that  might  arise  from  t^ 
impossible  position.  The  men  to  whom  the  work  was  entrusted 
once  took  tbe  entire  control  and  the  responsibility  with  it,  and  tmal 
to  their  own  determination  and  tact  to  keep  the  peace,  lead  the  chi< 
without  driving  them,  but  drive  where  necessary,  and  Becnre  the  syi 
pathy  and  goodwill  of  the  people. 

Now  that  the  position  of  control  is  recognised,  thero  is  force 
back  it,  and  the  anomaly  is  at  an  end.  but  oat  of  tbe  difficulties 
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that  anibignona  iostructioD  has  pcrliaps  grown  tlie  admiaistration  of 
Byiupathj,  considoratiou  and  mutual  respect  wliich  abtuins  between 
the  Malay  people  and  tlie  Britiiih  officers  in  the  serricce  of  the  native 
State  Govornmonts.  I  do  not  for  a  moment  de&ire  to  niinimise  the 
great  work  accomidishod  in  Egypt ;  but  I  claim  for  the  achievomenta 
in  the  Malay  Puuinsula  the  praise  whieh  is  due  to  greater  Buccess 
under  more  difBcuIt  circumstances. 

Not  by  wars  involving  the  slaughter  of  native  races,  not  by 
drafts  upon  the  imperial  exchequer,  not  by  the  agonry  of  chartered 

tcouipauica,  which  necessarily  seek  firot  their  own  interests,  has  tlio 
devijopnicnt  of  the  Malay  States  been  attained.  Their  prcRent 
peace  and   manrcllous   advance   in   prosperity  have  been  due  to  a 

Igympathetic  administration,  which  Lns  dealt  tenderly  with  native 
prejudices,  and  sought  to  lead  upwards  a  free  people  instead  of 
forcibly  driving  a  sulyect  race. 
The  example  and  success  of  Stamford  Eaffles  should  encourage 
OS  at  the  present  juncture.  Ho  showed  ns  what  could  bo  done  by 
fiOlvage,  contidonce  and  a  clear  mind.  The  progress  of  our  comraer- 
oial  and  political  power  in  the  East  brought  us  into  collision  with 
two  formidable  European  rivals,  tlio  Frcncl)  and  tlie  Dutch.     The 

■  former  were  vanquished  by  Clivo  on  the  mainland  of  India,  the  latter 
wore  finally  crushed  after  an  incessant  Btnigfj;lo  of  two  centuries  by 
the  founding  of  tiiugapore.  The  credit  for  the  latter  achievcmt-nt  is 
OH  clea>*ly  due  to  KafBes  alone  a«  the  victory  of  PlasBoy  was  to  Clivo, 

tund  I  myself  hold  the  opinion,  to  which  I  may  add  I  gave  expression 
before  the  publication  of  Mr.  Bonlgcr's  biography,  that  of  these  two 
great  Englishmen  Stamford  Raffles  was  the  greater. 

RatHes  died  a  poor  man.  No  thought  of  accumulating  a  vast 
fortune,  or  of  seeking  money  as  a  means  to  power  and  patronage, 
appealed  to  his  mind.     His  ambitions  were  sntisfiod  witti  work  done 

•  for  the  future  of  the  empire.     This  was  the  truo  imperialist. 
I  have  said  enough  to  draw  your  attention  to  the  varied,  arduong 
and  ill-appreciated  career  of  Stamfonl  Ifaftlcs.     I  have  touched  on 
tbo  magnitude  of  his  work  and  the  difficulties  under  which  it  was 
accomplished.      Injured  and  traduced  during  his  life,  he  has  been 

Inoglccte<l  by  later  generations.  But  his  wurk  will  endure  ae  long 
as  the  British  Empire.  It  was  achieved  at  a  moment  of  doprossicm 
such  08  the  present.  Tho  game  seemed  lo8t,  the  Goverument  was  in- 
different and  short-sighted,  the  enemy  was  up  and  doing,  the  margin 
of  op]H}rtunity  was  narrnwcd  to  tho  smallest  compass,  cowardice  or 
hetiitation  controlled  our  action,  yet  one  man  was  able  to  turn  the 
bitter  draught  of  defeat  into  the  ambrosia  of  victory.  So  will  it  be 
again  if  our  public  servants  keep  before  tbem  tho  inspiring  example 

>ut  Stamford  ItiiiUes. 
The  life  of  Stamford   Baffles  is  full   of  great  lessons  of  vitiJ 
imjHirt  to  all  those  to  whom  tho  British  Empire  is  alike  an  object  of 
uiitioiial  pride  and  of  grave  rcsjMjnsibility.    That  Em|>iro  was  not  built 
B    up  by  the  genius  of  stateemcu,  but  by  the  patient  labours,  tlio  fore- 


'66 


LieuL-G<meral  The  Eon,  Sir  Andrew  Clarke     [Ma;  37, 


Bight,  and  iLe  yigorous  initiative  of  men  like  Baffles.  The  direuUiH 
«f  the  Houourable  East  India  Comjmuy  in  London,  anxions  onlj  fol 
immediato  pecaniarr  returns,  and  Lnnl  Hustings,  absorbed  in  tin 
lucal  affairs  of  India,  fniled  absolutely  to  perceive  the  erentot 
necessity  fur  a  British  high  rntul  to  the  Far  East.  That  Malacca  «M 
oocapied  and  tenaciously  held,  and  tliat  Singapore  became  a  Bhtial 
poaocosion,  was  mainly,  if  not  wholly,  due  to  Stamford  BafiSes.* 

The  enormous  importance  of  the  Straits  Settlements  to-day,  14 
the  key  to  the  great  oc^ean  highway  which  tstrotchos  np  to  the  Goi 
of  Po-chi-li,  is  abundantly  recognised.  But  for  the  possession  a 
this  key,  what  would  now  bo  our  position  in  the  China  seas  ?  Yol 
thu  man  who  8aw  into  the  dim  future  and  who  strove,  as  some  strivi 
fur  personal  distinction  or  for  \TeaIth,  to  gain  and  to  ko«p  thii 
priceless  posse-ssion,  received  scant  reaignitiou  and  few  honouxs  froo 
tlie  nation  to  whose  iutcrosts  he  gave  his  life.  Almost  may  he  b 
said  to  have  die<l  of  a  broken  hiart.  It  is  only  duw,  when  tin 
sjdendid  fabric  of  the  Empire  is  beginning  for  the  6r8t  time  to  h 
under»t(ttxl,  that  tardy  repsiratiuu  is  accorded  to  the  memury  of  on 
of  its  great  founders. 

All  important  as  was  the  work  which  BafHes  accomplished,  hi 
aspirations  were  realised  only  in  part.  Tlie  surrender  of  the  Data 
ialftads  was  an  act  which  no  other  nation  in  the  world  would  han 
countenanced.  Those  foreign  critics  who  afToet  to  regard  the  growt 
of  tliu  Empire  ns  the  result  of  a  polic?  of  uuoxumplcd  rapacity,  have  dc 
taken  the  trouble  U>  read  history.  The  total  extent  of  territory  whic 
we  have  abandoned  is  enormous,  and  the  Dutch  colonies  have  be4 
twice  handed  back  to  Holland.  The  action  was  magnanimous,  bl 
the  progress  of  the  world  has  certainly  not  bcnetited.  The  reston 
tion  of  Java,  against  uhich  R.-itHes  strove  in  vain,  gave  back  tli 
natives  to  a  mle  in  which  little  consideration  of  their  interests  { 
their  rights  found  plaoe.  Sumatra,  which,  iu  British  hands,  wool 
long  ago  have  been  a  thriving  colony  pojiulnted  by  a  contcntd 
race,  has  been  the  scene  of  continuous  warfare.  Bailies  suggests 
an  alliance  with  8iam,  wliich,  if  then  carried  out,  would  hat 
saved  this  interesting  country  from  partial  dismemberment,  an 
from  the  menace  which  still  hangs  darldy  over  it.  His  idea  of  1 
confederacy  of  Malay  States  has  been  partially,  at  least,  realist! 
in  the  Malay  Peninsula,  where  it  is  my  greatest  pride  to  ha< 
inaugurated  the  (system  which  has  led  to  prosperity  and  unexamplei 
development  of  commerce. 

The  great  guiding  principle  of  Baffles'  policy  was  to  nnderstaa 
the  native  character,  nml  to  govern  as  far  as  possible  by  the  a^<^ 
of  native  institutions.  This  is  a  golden  rule,  occasionally  forgottei 
but  essential  to  dealing  with  Eastern  races. 

'I'he  period  covered  by  tlie  official  life  of  Sir  Stamford  Baffles  m 


*  In  tiiia  sketch  I  have  purposely  ooiitt<vj  to  iticotion  other  tuunca  tl^aa  UH 
of  Runiea,  in  order  to  avoid  uuilue  Icugtbcuing  of  tbc  nsrrativc. 
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a  turuiug-point  in  oar  relations  with  the  Far  Eai^t.  A  now  chapter 
in  the  history  of  those  rolatiims  has  now  opeued.  Tho  b'.>ginainij 
of  tho  century  saw  the  establisliment  of  that  great  trada  route 
which  has  since  couferrcil  upon  us  fuur-fifths  «f  the  commerce  of 
China.  With  the  exception  of  the  acquisition  of  Hong  Kong  with 
Kowlon  in  184'2,  and  of  tho  rising  colony  of  North  Borneo,  Groat 
Britain  hue  not  added  to  hor  possessions  in  tho  China  Seas.  Port 
Hamilton,  lying  a  short  diBtiuiee  south  of  Korea,  was  occupied  only 
to  bt3  abandoned.  Throuphont  these  years  our  [wlicy  lias  been  to 
leave  China  territorially  intact,  and  to  oi>en  up  her  resonrees  by 
the  agency  of  Treaty  Ports.  That  policy  is  now  practically  at  an 
end.  Since  RafHes  fonuded  Singapore,  Uussta  has  become  firmly 
established  in  the  Far  East,  and  her  policy,  long  evident,  of 
OCcnpyiug  Manchuria,  and  such  ports  in  the  ttiilf  of  Po-clii-li  has 
now  been  realised.  Germany  is  established  on  tho  China  sea-board, 
with  claims  and  concessions  which  extend  into  tho  ilinterlund. 
Meanwhile  Franco  has  moved  up  from  the  South,  and  is  about,  it  ia 
eaid,  to  occupy  a  port  opposite  to  Hainan.  The  partition  of  China  may 
be  said  to  have  commenced.  While  we  might  have  preferred  that  the 
oi>ening  out  of  this  vast  country  should  have  been  gradually  carried 
ont  through  its  own  ports,  other  powers,  more  amhiticms,  perhaps,  and 
less  patient,  had  other  views,  and  have  decided  to  utteuipt  by  a  direct 
process  what  we  were  content  to  leave  to  indirect  methods.  Sooner 
or  later  this  was  absolutely  inevitable,  unless  China  showed  promise 
of  an  internal  awakening  of  which  there  was  no  real  hupr.  I  do  not 
see  iu  the  recent  proceedings  of  Russia,  Germany  and  Franco  any 
eause  for  alarm  or  any  ground  for  recrimination.  Wo  are  not  and 
wo  never  were  prepared  to  occupy  JIanchuria  ourselves.  We  have 
n<>  right  to  oimphiin  if  Hussia  here  and  Germany  in  Shantung  under- 
take to  develop  tho  resources  of  these  territories.  To  Russia  a  warm 
water  port  in  the  East  is  a  real  need.  Geographical  conditions  all 
]Kiinted  to  the  Liao-Tung  peninnula  as  furnishing  such  a  port.  In 
occupying  Port  Arthur  and  Talieuwun,  Russia  is  simply  fuliilling 
hor  evident  dcstitjy  and  acting  in  oiic<lience  to  natural  forci^s.  Her 
action  creates  no  legitimate  grievance.  Wo  have  no  right  to  claim 
to  exclude  another  power  from  territory  which  wo  do  not  intend  to 
occupy.  1  believe  that  in  spite  of  restrictions  tho  opening  up  of 
Manchuria  will  benefit  British  trade  just  us  the  development  of 
European  Russia  has  added  to  our  cummerce.  Our  only  wise 
course  is  U>  rc^wgniso  fauts  long  foreseen,  and  since  tho  partition 
of  (.'hina  has  curnmenccd  to  mako  certain  of  our  share.  I  do  not 
gather  that  any  stop  iu  this  direction  has  been  taken.  Wo  are 
apparently  to  occupy  Woi-hai-wei,  which  lies  6uO  miles  beyond  our 
sphere,  and  we  have  done  nothing  to  secure  our  position  at  tho 
mouth  of  the  Yangtse.  Tho  ancient  fable  of  the  dog  and  tho  bono 
stands  true  now  as  always.  By  reaching  after  the  image  of  a 
power  which  ia  not  to  lie  ours,  we  risk  losing  tho  real  aubstance. 
I  consider,  therefore,  that  we  should  welcome  a  Russian  occupatiun 
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of  Ibnebiiru  and  a  Genmui  oocajwtion  of  Shantung;  bnt  fhat  wi 
oagfat  at  once  to  clearly  define  onr  sphere  of  fatnre  direct  infinma 
in  central  China,  and  take  immediate  steps  to  make  that  influence  i 
reality  when  the  time  comes.  We  deferred  providing  India  with  i 
frontier  line  nntil  the  Bossians  had  adranced  across  the  plains  ol 
Central  Asia,  and  difficulties  were  the  natural  result.  If  we  detet 
defining  our  share  of  China  greater  difficulties  will  assuredly  arise. 

No  one  power  can  monopolise  the  trade  of  an  opened-ont  China 
There  is  room  for  all,  and  we  can,  if  we  choose,  secure  onr  jntl 
share.  If  we  do  not  maintain  our  present  proportion  of  the  wbdi 
trade  of  China,  it  does  not  thereby  follow  that  wo  shall  not  gaii 
enormously,  for  that  whole  trade  at  the  present  time  is  bnt  a  fiactioi 
of  what  the  future  will  bring.  If,  as  I  believe  fully,  we  shall  kee] 
our  full  share  of  future  commercial  advantages,  it  will  be  due  ii 
great  measure  to  the  wisdom  and  the  foresight  of  Stamford  Bafflec 
who,  in  Singapore,  secured  for  us  the  great  gate  of  one  of  the  mot 
important  trade  routes  of  the  world. 

[A.C.] 
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Friday,  June  3, 1898. 

Sn  HxMBT  Thompson,  r.R.C,S.  F.B.A.S.  Vice-President, 
in  the  Chair. 

Pkofessou  W,  M.  Flinders  Petiiik,  D.C.L. 
Profeesor  of  Egyptology  iu  Uuivorsity  College,  Loiidou, 

The  Development  of  the  Tomb  in  E'jypt. 

Thk  general  ideas  about  the  Egyptians  arc  bo  bound  tip  with  llieir 
preeervation  of  the  dead,  that  Bomo  couuccted  account  »{  tlnj  devehij*- 
mcnt  tif  the  tomb  may  bo  nf  interest  to  others  beyond  tho  ^loiip  of 
SjKJfialists ;  tlio  more  so  as  my  aiui  is  to  illustrate  t!ie  B<'i|Utnic:o  of 
ideas  and  of  gradiittl  changes  in  series,  rather  thuu  to  deal  with  solely 
'  arcbieologlcal  matters. 

The  reasons  that  the  tomb  has  boeomo  so  much  associated  in  onr 
minds  with  the  E;.'yi>tian»  arc  pftrtly  real,  partly  uceidontal.  No 
doubt  the  Ejiyptian  tliought  much  of  a  future  state,  attaciicd  groat 
iniportftuco  t<i  it,  and  prnvided  for  it  iu  every  way  that  he  cuuKI  dc7i8C\ 
Yet  we  should  bo  taking  a  very  one-sided  view  if  we  suppiscd  tliat 
the  dead  wero  niin-e  thought  of  thau  the  living.  It  is  owing  to  tho 
a<'cidcutal  ci>iiditioiis  that  tho  tombs  are  so  far  more  noticeabto  thau 
the  houses  of  aiiuiiut  Kgypt.  Tho  tomb  was  always  placed  on  tlio 
desert  high  al>ove  the  inundation,  and  often  in)[ierishably  cut  in  tho 
solid  rock.  The  honso  was  usually  in  the  fertile  plaiu  of  the  Nile, 
and  is  therefore  now  buried  ton,  twenty,  or  thirty  foet  iu  the  alluvial 
deposits  left  each  year  by  tlio  inundation. 

Ancient  Egyjit  Ims  all  been  covered  up  far  out  of  sight,  except 
snch  works  as  stood  on  the  raisijd  desert  edge  of  the  valley ;  and 
naturally  enough  the  greater  |)art  of  these  remains  are  for  tho  dead 
rather  than  for  the  living.  Henco  our  i<lca8  are  liable  to  ho  very 
one-gided  as  to  the  rohitive  impnrtanco  of  tho  house  and  tho  tomb  in 
the  real  life  of  the  Egyjitians,  and  we  Judge  of  them  almost  as  im- 
perfectly as  English  life  might  bo  judged  if  the  will  uffico  iu  Somerset 
iloasc  were  its  only  evidence. 

It  is  as  impossible  to  understand  the  arrangement  of  a  tomb  without 

knowing  the  theory  of  tho  soul,  on  which  it  was  constructed,  as  it  is 

to  understand  a  teni[>lo  withont  knowing  tho  religion,  or  a  houso 

J  without  the  .social  life.     The  Egyptian  had  four  theories  about  the 

|«oul,  probably  belonging  to  snoccssivo  waves  of  population  that  ha«l 

9vorflowed  the  country  from  difiuront  sources.     Thero  was  tho  bird 
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theory,  nccor<lJng  to  which  the  tuiul  or  la  fliittor<»i1  KlN>Qt  in  and 
the  totub  OB  a  hnman-headed  bird  ;   the  Kpirituiil   Ixxly  or  h 
coming  i>ut  of  the  tomb  and  wandoring  about,     TliiR  Bonl  and 
needed  sustenance,  and  were  fed  by  tbe  tree  gctddess,  who  d 
the  thick    sycamores    which    overshadowed    the    cernet«<ries. 
theory  more  probably  belonged  to  the  earliest  negroid  UiU*bi 
Egypt. 

Secondly,  there  was  the  Osiris  theory,  according  to  whi 
doooiMicd  went  to  the  olysian  kingdcini  of  Osiris,  and  there  pi 
uud  Sowed  and  reaped  and  threshed  the  hcnrouly  com.     This 
probably  belong  to  the  Libyan  sli-atuni.     Thirdly,  there  wxw  tbe  & 
tlioory,  according  to  which  the  soul  went  to  join   tbe  ooin 
the  gods  in  the  boat   of  the  t*un-god  I\a.  which  sailed  daily 

the  waters  above  the  firmamci 
heavenly  ocean.  This  {«eui8  i 
Mcs<<potamian  influence,  t»  whid 
liegiuniugs  of  hieroglyphs  are 
1)0  ftttriliuted.  Fourthly,  there 
niniiimy  theory,  according  U>  whic 
iKxly  must  be  imperishably  prw 
for  ages  until  reunited  lo  tbe 
This  Wftg  perhaps  due  to  the  R«( 
invaders  of  Phoiuic'ian  kinship. 

Now  all  these  theories  were 
together    throughout    historical 
ami   combined  as  best  they  njicli 
thoiigli  each  is  mutually  dcHtructi 
all  the  others  if  logically  carried 
The  most  usual  theories  with  vrhi 
have  to  dcul  in  considering  tlio 
lire   the  first    and  laiit  combined,' 
ia-bird  of  tlie  soul,  suppoeod  U^  I 
iind  out  of  tlie  grave,  tlie  ka  nr  spij 
body   to  come  out    in  search   of 
and  the  mummy  all  the  time  lying 
Fio.  1— Scelkm  «r  tniiil..  fmni  q  jq  the  sepulchre.     Thus  we  nee 
pnpyniH  allowing  door  «bovD,  ^  papyrus,  where  the  fnt-hii^   is  I 
wfll-sljuU  Willi  ?«i  nying  down,    -.'^  '■'  ^,         ...  ,        , 

and  niuiumy  inrhamberwith  «««■"    "'6    P>t    ""om    the    door   >x 
ofleringH  Maw.  tomb,  hearing  fornl    and  drink  V 

ramumy  lying  holow.  Id  one  < 
rock-cut  tombs  of  DesLasbcli  there  is  a  b^jtiutiful  provision  f<»r 
visits.  The  well-shaft  was  flugged  over  with  sl*bs  in  the 
of  offerings,  but  a  little  channel  in  the  rock  gave  place  for  the 
pass  from  the  well  into  tlio  upper  chamber  whore  the  statifa 
placed,  which  it  desires]  to  visit  and  inhabit.  And  annUmr 
channel  opened  from  the  statuc-chumlxir  out  to  the  oi«n  «ir  n 
hill  to}),  so  that  the  bn  and  In  couM  thus  go  in  and  nnl  to  r] 
both  the  ti>mb  and  iho  unttir  world.     Anyone  wbo  has  ccea  Um 
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serious  owls,  with  half-haman  oxpressions,  which  flit  uo.isolessly  iip 
and  down  the  open  tomb  shafts,  can  readily  understand  whftt  the 
Egyptian  thought  when  he  credited  tho  fleeting  soul  with  like  action. 

IHaving  thus  before  ua  tho  theory  of  tho  soul  and  of  burial,  we 
[can  now  turn  to  consider  the  actual  tombs. 

The  oldest  burials  that  we  know  in  Egypt  are  those  belonging  to  tho 
prehistoric  population,  which  differed  preutly  from  the  historical  Egyp- 
tians. They  belong  to  the  age  when  only  the  bird  theory  and  Osiris 
theory  were  in  force,  and  perhaps  the  sun-god  tlieory ;  but  certainly 
when  the  mnmmy  tho<5ry  was  finite  unknown.  Instead  of  pres^'rviug 
tlie  body  by  miinioiifying,  thoy  often  cut  it  up  and  buried  only  the 
bones,  or  only  a  part  of  the  bones.     The  bodies,  moreover,  are  always 


Fta.  2. — Typical  early  tuiub,  plan  and  Sbotiun. 


baried  in  a  contracted  position,  and  not  laid  out  like  the  mnmmy. 
The  graves  are  optn  square  pits,  lined  with  uiutc,  and  roofed  ovor 
with  beams  and  brushwood.  Thus  they  were  quite  difl'eront  from  the 
later  type  of  Egyptian  tombs.  It  is  well  to  see  thus  that  the  actual 
remains  that  wo  find  reach  back  to  a  (inio  before  the  general  aoal- 
tbeory  of  later  ages  hod  yet  been  brought  in. 

Bnt  it  is  tho  later  time  of  tho  historical  development  of  tho  tomb 
that  wo  hnvo  mainly  to  consider  at  present.  Tho  tomhs  that  we 
aetnally  have  for  study  range  continuously  from  about  4000  b.o.  down 
to  Roman  times ;  but  the  principal  age  of  consecutive  development 
is  from  about  4000  to  2500  b.o.  or  the  IVth  to  tho  Xllth  dynasty. 
After  that  time  no  now  ideas  were  introdnccd  in  the  ortlinary  tombs, 
and  only  gradual  decay  and  simplification  is  to  bo  seen. 
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TIm  eadiflil  knks  of  O*  ■iifliBt  tpfb^mAm\hK—Uma& 
1^  MMilw  t  of  DwiAirBii,  Aam  cnly  Itia  — wiiliaT  p«<fc  TVn 
•  Mfwldim  dwilwr  wifcr  Um  gfwnd  (a*  Fig.  3);  •  tqi 
to  roidi  tk«t ;  •  laoand  heaprf  over  ihm  ait.  wth^  of  aoi 
ImM  UMRiher  hj  m  brick  inQ,  or  •!••  «/ Mi2-trkk  dbna 
■nd  ImUj  •  doonmy  figarod  alvaja  «■  Ae  «■«  fM*  «f  tt« 
■A  vbieh  t]i«  k^-Urd  «w  wpMu^wi  to  tfly  o«c,  ftaJ  A*  fa 
nlk  not  to  reoeire  Ae  fnod  wkicjh  w«a  ofliKed  to  it.  TIm 
pttrts  cif  Uiis  door  mre  (1)  tlM  liatel  or  pmud,  wit2>  •  fifsn  of 
ilcwl  and  Itis  naiue  sad  titloa,  oter  tbe  door :  (2)  tko  /ask 


Fio.  3.— Fal8«,door.    Tomb  of  AhU. 

support  this ;  (3)  the  niehc  or  entrance  between  tlie  jambe  with  ( 
figure  of  the  dead  comiog  forth  ;  nith  (4)  a  roand  roll  nr  dnu 
imitated  from  a  log  liutel  to  the  door,  which  geiurally  Itore  onljr  th 
namo,  with  porIia]«  a  short  titlt,  Tiiis  diMrway  for  the  soul,  a 
''false  door,"  as  it  is  uow  comnuuily  called,  is  a  ruoet  Ufxxssary  {M 
<if  the  tomb ;  it  became  dcvelojKid  iiito  a  groat  luouointiiit  in  itscl 
and  finally  changed  and  dwindled  down  into  the  mere  funeral  tabU 
on  a  small  scale.  This  whole  raised  monnd  and  false  door  is  kuowl 
bj  the  modem  name  of  a  wuutaha,  or  "  platform  "  in  Arabic. 

But  the  survivors  craved  to  have  some  immediate  token  of  tb 
dead,  to  which  their  offerings  might  be  made.     If  the  koj  or  6piritnl 
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body,  passed  out  through  this  door,  why  not  give  it  sorao  abiding 
place  in  its  own  likuness  ?  And,  to  do  this,  what  moro  natural  than 
to  picture  it  in  the  doorway  ?  Such  an  imago  would  he  obviously 
a  suitable  abiding  place  for  the  wnndoring  iianiaterial  hi,  wliero  it 
could  rest  and  bo  refroshod  by  the  provision  which  was  brought  by 
its  pious  dcficendutits.  Accordingly,  a  fignro  in  relief  was  sculptured 
in  the  doorway  nicbo  ;  and  in  front  of  that  the  food  was  laid,  and  the 
drink  ponrod  out  into  a  trough  of  stone,  on  an  altar  of  offerings 
that  was  placed  before  it. 

The  next  stop  was  to  have  a  statuo  of  the  dead,  so  as  to  simnlato 
the  living  person  most  complotely.     The  moro  iadistinguisliablo  it 


FlO,  1.— Tomb  of  Kn-<tper,  plan.     Lower  part  is  detail  of  ii]t)Hr  |ili\n 
fivo  times  larg;or.     Sn  also  in  the  following  plans. 


was  from  lifo,  the  moro  happy  tho  ka  would  be  when  inhabiting  it. 
Thus  a  grand  impnlso  was  given  to  tlic  most  realistic  art  and  tho 
most  exprossivo  pdrtraituro ;  and  it  is  to  this  reij^uiroucnt  that  wo 
owe  tho  brilliant  examples  of  Eg^'ptian  art  that  have  come  down  to 
ns.  Tliis  statuo,  howovor,  could  not  bo  left  in  the  open  air  boforo 
a  tomb,  oven  in  tho  Egyptian  climate ;  it  was  too  much  exposed  to 
injury,  which  would  gricvo  and  hurt  tho  ka.  So  a  little  room  was 
ftdded  in  front  of  the  false  door,  with  a  niche  in  which  the  sentient 
statun  was  preserved,  as  in  tho  tomb  of  Ka-apcr  at  Haqqara  (Fig.  4). 
llf-re  also  tho  statue  of  his  wifo  was  fouml,  which  is  one  of  the 
most  life-like  of  those  wooden  fit^urcs  that  has  been  preserved  to  ns. 
Here  tho  statue  was  safe,  and  the  family  could  visit  it,  and  lay  their 
Vo'..  XV.    (Nn.  <J2.)  8  E 
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oSonngs  before  it.  Yet  the  statue  was  exposed  to  poenble  ii^jvy. 
So  the  desiro  of  the  family  to  »ee  it  was  Babordinated  to  thoir  wish 
to  save  it  from  bann,  and  it  was  walled  in  bj  screening  o£f  the  end 
of  a  corridor  before  the  tomb;  tbo  corridor  itself  being  an  enlarge* 
tneot  of  the  etatno-charaber,  whero  the  oSenngs  were  made.  Such 
is  seen  in  the  tomb  of  Ka-mena,  at  El  Eab. 

The  next  step  for  the  preserratioa  of  the  etatne  was  to  deepeo 
the  recess  of  the  false  door  so  as  to  bold  the  statne  within  it.  Thii 
vn»  done  in  the  tomb  of  Nefcrmoat  at  Modnm.  There  a  very  deep 
niche  contained  the  statue,  safely  walled  in  with  solid  masonry  leruH 
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the  entrance.  Then  the  jambs  of  the  doorway  were  expanded 
laterally  to  form  a  fa^ude,  but  yet  each  made  of  one  single  etone. 
To  protoot  and  enlarge  the  mastaba,  two  sncoossire  coats  of  brick- 
work were  added  all  round  it.  In  placing  the  first  it  was  not  desired 
to  hide  the  facade,  bo  a  cross  passage  was  left  in  order  that  the  sculp- 
tured stone  fa^-ado  should  remain  visible,  and  a  direct  passage  iru 
left  through  the  brickwork.  The  outer  coat  of  brick  covered  tLo 
entrance  finally,  and  a  court  was  added  in  front  for  the  offerings. 
Titis  JB  a  particularly  important  link  in  the  series,  as  we  see  buv 
tlio  wish  to  leave  exposed  the  sculptured  fa<;ade  of  the  niche  led  (o 
a  cross  passage  being  left  inside  tho  brick  coating  (Fig.  6). 
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Obseryo  bow  in  the  next  tomb,  that  of  Rahotop  at  Mednro,  thia 
croas  passage  has  bocome  incorporated  in  the  primary  conBtruction, 
ftnd  a  omciform  obambor  of  etono  is  tho  result.  Tho  fltatucs  of 
Bahotop  and  Ncfert  were  placed  in  the  two  reoesses  thas  formed,  one 
on  either  side.  Two  coats  of  brickwork  wore  Bupenuldod,  bo  aa  to 
entirely  close  the  chamber ;  a  false  door  was  made  in  the  outer  coat, 
and  a  court  for  offoringB  built  before  it,  in  which  lay  a  largo  quantity 
of  little  cups  and  dishea  of  pottery.  Meanwhilo,  a  second  false  door 
in  the  same  mastaba — that  for  the  wifo  Nefert — remained  in  tho 
nndeveloped  form  of  a  simple  niche,  because  there  was  no  need  fur 
it  to  hold  her  statae,  which  was  in  her  husband's  chamber.    80  far, 


7.— Plan  of  tginb  c.f 
Bohotep. 


the  atatnes  were  safoguarded,  but  the  family  coold  aoe  no  moro  than 
a  Btrangor  could. 

Tho  nest  point  of  change  was  in  tho  wish  for  tho  family  to  boo 
the  sculptures,  and  enter  tho  chamber  when  thoy  camo  with  ofForings ; 
while  yet  tho  statuo  was  to  bo  better  eocurod.  This  is  soon  done  in 
the  tomb  of  Sokor-kha-baa  (soo  Fig.  9).  Here  tho  end  of  tho  cross 
chamber  is  walkd  off  to  hold  tho  statues,  thus  forming  a  separate 
closed  coll  for  them  ;  and  thia  cell  is  commonly  known  to  the  modem 
tiatiTee  as  a  aenl-ab.  The  chamber  itself  retains  the  panelled  con- 
struction typical  of  the  mastabii  face,  Rhowing  that  ita  true  nature 
as  a  part  of  the  primary  mastaba  was  not  forgotten,  although  it  waa 
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aov  andosed  in  front  to  form  •  chambor  within  the  dusb.  So  & 
I  hftTe  (Mily  tlealt  with  tomba  brinnging  to  the  first  fifty  jeus  or  I 
of  which  laeh  reflouBi  ua  known  coining  •  litUe  Imter.  The 
atep  «M  to  nuke  a  bt^jtiB  front  to  the  cluunber,  and  to  bring  oat  tl 
j^^'XlaA  patten,  or  tepetiticm  of  false  doors,  on  to  the  oater  fiu 
This  ta  abowB  in  the  tonb  of  Ptohsbepees  at  Saqqara. 

Next  a  regoLtr  enolosnre  wall  was  put  on  before  tbo  tomb  frtn 
as  wa  see  in  a  tomb  at  Hedmn  (No.  22).     There  the  chamber  is  i 
plete ;  bat  an  onter  |«a8age  has  been  added,  and  the  serdab  is  willi 
off  at  the  end  of  it,  jost  as  it  had  before  been  walled  off  at  the 


FlO.  8. — He*d  of  Nefbrt,  in  liroe^tonc 

of  the  prioiitive  passage  which  doTclopeil  into  the  chamber.    Anothl 
pit   or   c)mml)or   appears    in    the   moss,    probably   for   castiiigl  tl 
luiioml  (iffcringH  in ;  aa  it  was  a  castom  to  ascend  the  monnd  of 
mastaba,  and  leave  dishos  and  jars  of  offering  on  the  top  near  d 
mouth  of  the  pit.     The  pit  or  well  is  to  the  right  band.     Wheo- 
as  hero — the  well  has  been  moved  away  to  tbe  right,  and  the  chamb 
or  false  door  to  the  left,  it  was  becuuse  a  passage  had  beim  develop 
between  tbe  well  and  the  funeral  clamber ;  and  thus  the  false  do 
was  kept  always  cli>so  before  the  actiml  place  of  the  body  below. 
We  reach  the  full  completion  of  this  type,  rather  later  on,  in 
Vlth  dynasty  tomb  of  Senna  at  Dendereh.    There  the  passage 
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£roDt  is  regularly  formed  witb  an  entranoa  door,  and  it  covers  sixteea 
fiJso  doors  aloug  tho  front  of  tha  mastaba.  The  chamber  haa  been  , 
lengtheocd  out  greatly.  No  aenlab  is  to  be  Been,  aa  that  apparently 
was  a  Memphite  featnro  unknown  in  the  upper  country.  And  tho  pit 
is  long  in  order  to  allow  of  a  coffin  being  lowered  at  full  length  with 
the  body  inside  it. 

Much  the  same  construction  appears  in  tho  large  maataba  of  Prince 
Mena  of  the  Vlth  dynasty  at  Dentleroh.  Two  pits  appear  there ;  that 
nearest  tho  front  loads  to  tlie  funeral  chamber  lying  behind  the  offers 
ing  ohambor.  The  further  pit  led  to  another  chamber  contaiuing 
pottery,  and  was  doubtless  for  tho  ofTerings.  How  this  was  reached 
is  seen  at  the  right  hand,  where  a  door  from  nutatde  leads  into  a  court- 
yard with  a  beuoh  along  two  sides  of  it.  From  this  court  a  £ight  of 
6te{)8  led  on  to  the  top  of  the  mastaba ;  the  blank  part  buyond  thsJ 
stents  having  been  covered  with  their  continuation  npward,  now  de- 
nuded away.     The  squares  across  which  the  shading  is  carried  are 


Fio.  0. — Plan  of  tomb  of  Seker-kiia-buu  at  BaijqaTa. 


nieroly  construction  cells  left  hollow  in  the  brickwork,  and  filled  np 
with  gravel. 

The  tomb  was  further  elaborated  by  tho  addition  of  courts  and 
chambers  in  front  uf  the  tnici  mastaba.  In  the  tomb  of  Nenkheftka 
at  Saqqara,  tlie  chamber,  its  false  door,  and  its  sordab,  with  a  slit 
through  which  the  stutno  might  receive  its  incense,  are  all  within  the 
mastaba.  Snl>Bf)qacntly  throe  ohambtrs  wore  added  on  tho  front  of 
the  mastalm,  to  serve  »»  au  intruductiun  to  the  rest. 

This  is  seen  further  developed  in  tho  tnmb  of  Ty  at  Saqqara, 
whore  tho  chamber  has  two  false  doors  (for  Ty  and  his  wife),  a  serdab 
on  the  left  of  it,  with  three  slits  for  consiug  tho  statues.  A  new 
,«ipplcmentary  chamber  appears  to  tlie  right  of  it.  The  front  is 
Miolosod  BO  08  to  form  a  passage,  in  which  is  a  false  door  as  in  other 
eumplos  noticed.  The  new  fciituro  its  a  largo  court  pre6xcd  to  this 
pMsago,  containing  twelve  pillars,  and  approached  by  a  porch  with 
two  pillars  (sec  Fig.  10). 
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Tliw  tjpe  WIS  carried   farther  bj  prefixing  the  pillared  ooi 
directly  in  troot  of  the  chamber,  as  in  a  tomb  at  Denderoh.     And  tt 
•ame  is  carried  out  mote  fnllj  iu  the  tomb  of  Ateta  at  Saqqan. 

IrnKtlj,  the  court  was  incorpoiated  entire  ia  a  siogle  constraetil 
of  the  maataba  as  a  sqnaie  block  of  bnilding  in  the  tomb  of  PtahhoH 
at  Saqqara,  in  which  the  primary  maataba  is  lost  sight  of  in  the 
eraasing  complication  of  chambers. 

Snoh  complication  was,  however,  only  exMptional.  On  comit 
down  about  a  thousand  years  later,  we  still  iiad  the  old  type 
manti^a  existing,  as  in  that  of  Uentuhotep  at  Dendereb.  There  d 
fii^e  has  thirteen  false  doors  along  it.  The  chamber  has  baeon 
lengthened  out  with  a  oontinoation  to  the  wbolo  length  of  tbe  ma 
and  an  entrance  appears  in  the  north  end  of  the  maataba,  the  porpol 
of  which  we  cannot  now  be  certain  about, 


Fio.  10.— rian  of  tomb  of  Ty. 

The  most  distinct  change  in  the  later  time,  that  is  to  say,  abo 
the  Xlth  dynasty,  or  2800  B.C.,  was  in  tbe  funeral  pits.  In  all  tl 
earliest  tombs  they  are  square  :  and  soon  after  they  were  lengthena 
cot  from  north  to  sonth,  and  ran  southward  into  the  foneral  chamb«l 
which  lay  behind  the  false  door.  In  the  later  time,  however,  th< 
were  placed  just  behind  the  false  door,  with  the  chamber  west  of  the 
below.  And  they  were  therefore  lengthened  from  east  to  west,  j 
order  to  {miss  the  cofiin  more  conveniently  into  the  chamber.  Tfa 
distinction  in  the  direction  of  the  pit,  at  first  north  to  south,  and  latl 
on  east  to  west,  is  one  of  the  first  tests  of  tbe  age  of  a  mastaba.  OfW 
two  pits  were  made  side  by  side,  as  here,  leading  each  to  a  chamba 
apparently  for  the  husband  and  wife  separately.  One  false  du< 
served  for  both  of  them,  and  this  would  not  bo  unlikely,  as  tbe  wil 
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is  often  placed  together  with  her  buBbsnd  on  Lis  stele  in  the  fake 
door.  One  tomb  ia  peculiar  fur  haviug  au  annex  on  the  southy  with 
a  long  cbambor  but  no  false  doors.  The  doorway  loft  in  tbe  wall 
between  the  two  is  probably  merely  Btructural,  as  both  mastabas  were 
filled  np  solid  with  gravel.  Such  annexes  occur  iu  other  cases,  and 
are  as  yet  unoxplaincnL 

A  usnal  feature  of  the  Xlth  and  Xllth  dynasty  mastabos — at 
least  at  DenJereh — is  to  revert  to  the  early  type  where  the  passage- 
chamber  opened  from  the  end.  In  one  case  there  is  a  uiixod  form 
with  the  front  entrance  still  made,  and  yet  the  end  open. 


Brickwork  tnnnel  in  tomb  uf  AUu  I. 


We  now  pass  from  the  consideration  of  the  plans  tif  those  tombs, 
in  which  wo  liuvo  s<H3n  every  stage  of  devolupmout,  from  tlio  i>rimi- 
tive  monnd  witlt  a  niche  in  the  side  of  it,  to  the  elaborate  mass  of 
cliambers  for  various  funeral  purposes,  and  we  turn  back  to  note  the 
development  in  the  sections  of  the  great  tombs  of  the  feudal  princes. 

The  earliest  example  is  one  at  Medom,  where  we  see  the  central 
pit  not  opening  directly  into  a  cbaml>cr  but  into  a  sloping  paaaace 
which  loftiis  to  the  chamber.  So  for  we  have  not  fonnd  any  oariy 
tombs  (except  pyramids)  which  have  a  sloping  ontranco  passage,  and 
that  type  docs  not  socin  to  have  ever  been  adopted  for  small  tombs, 
but  only  for  thoso  Uilouging  to  rulers. 
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lu  the  later  })art  of  the  old  kingdom,  about  3400  b.o^  we  ha 
splondid  series  of  tombs  of  tho  Princes  of  Dondoreh,  bailt  npon 
type  of  tho  sloping  passage.  Ada  I.  bailt  a  grand  vaulted  tuna 
of  brickwork,  which  led  down  to  the  funeral  pit.  This  tnnuul 
four  rings  of  brickwork  in  the  vault  arch,  and  is  finely  built, 
would  be  set  down  as  Roman  by  most  persons,  but  in  the  last 

years  we  have  pnshed  back  tho  history  of  the  Egyptian  arch  of  li    

to  tho  XJXth  dynasty,  thou  to  tho  Xllth,  and  now  to  tho  V] 
djTinsty.  Probably  it  begau  oven  earlier,  but  it  is  here  in  full  nsa 
3500  B.O. 

In  the  eection  the  entrance  is  through  an  arched  doorway  in  I 
outer  wall.  That  opened  on  a  very  narrow  court  or  passage, 
which  a  stairway  led  to  the  top  of  the  mastaba,  as  in  Meaa's.  Tl 
court  was  filled  up  with  brickwork  to  cover  the  entrance  to  the  ta 
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ADU  It 


Fig*  12* — Svcituua  \ji  luiu'/s  m  Anu  L  and  Adu  11. 


Tlio  tunnel  ran  down  at  a  steep  slope,  the  roof  of  it  aflern 

iiig  horizontal  to  meet  tho  wall  at  tho  tower,  and  it  wis  

Tlio  well  did  not  cause  any  break  in  the  floor,  and  scarcely  anyi 
tho  side  of  the  passage,  which  runs  on  downward  in  the  rock  to  ' 
Cunrrttl  chaiubor.     Two  small  chambers  at  the  sides  of  the 
codUuikhI  fimenvl  offerings  of  jwttery,  Ac.     Entering  the  chamber,! 
is  of  a  T  form,  wide  on  cither  hand,  and  then  narrowing  to  a  hi 
recess  of  JBst  tho  width  of  tho  sarcophagus  lid.     The  sarcoul 
itself  is  sunk  iu  tho  rock  floor,  and  tho  lid  hiy  on  tho  floor,  or 
with  a  pavoiuent  flush  with  the  top.     Tho  whole  chamber  *nj. 
recess  was  lined  with  Kciilptures  of  offerings ;  this  provision 
support  of  tho  ka  having  been  at  this  age  transferred  dowiP 
tlio  place  of  offerings  above  to  tho  actual  place  of  the  body  bulow 
{ground.     This  tomb  is  the  most  oom[doto  of  this  type,  mad  i 
us  to  imdorstaud  tho  others  which  follow  it. 
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I  The  next  tomb,  that  of  Prince  Ada  II.,  has  the  same  arched  door- 
'  way.  The  passage  is  much  steeper,  as  they  wished  to  reach  the  sotaa 
depth  more  quickly.  The  well  is  at  the  eud  of  the  passage,  and  not 
intersecting  it  midway.  The  chamber  ia  T-shaped,  as  before ;  but  it 
is  lined  with  bricks,  and  had  brick  vaults  for  roofing  each  port ;  all 
of  these  hare  now  fallen  in,  together  with  much  of  the  gravel  rock 
above. 
L  The  plan  of  AJu  II.  has  the  offering  chamber  and  well  in  the 
^toanal  positions.  But,  in  lulditiun,  there  is  a  second  well  in  the  N.W. 
corner,  which  was,  doubtless,  for  his  wife  Ann,  who  appears  on  a 
tablet  with  Adu ;  in  the  chamber  at  the  bottom  was  a  fomale  skuIL 
The  chamber  of  the  second  well  was  to  tho  south,  so  that  it  came 
n*«rly  behind  the  second  false  door  in  the  up{)er  ohumber  of  oflfering. 
Tho  largo  false  door  is  exactly  in  front  of  tho  place  of  the  saroophagria 
in  the  main  funereal  chamber.  Tho  front  of  this  mastabn  has  a  full 
development  of  the  false-door  decoration :  twelve  doors  on  one  hand, 
and  eighteen  on  tho  other,  thirty  in  all.  A  feature  of  those  large 
mostabas  of  tho  nobles  is  the  proviBiou  of  tombs  fur  their  families 
near  them,  much  as  several  of  the  kings  bad  the  small  pyramids  of 
their  family  adjoining  their  own  pyramid.  This  plan  ia  most  distinct 
in  this  mastaba,  where  a  court  is  added  on  at  the  south  end,  cuntaiuiug 
nine  pit  tombs  for  tho  family  of  Adu,  beside  a  tenth  in  front  of  the 
I  £tlso  doors. 

I  Tho  next  tomb  shows  a  now  departure  in  construction.  The  very 
■•teeply  sloping  passage  of  Adu  II.  had  probably  caused  trouble  iu 
Vmaking  tho  barrel  roof  of  it — an  early  settlement  of  the  lower  part 
is  to  bo  seen.  So  a  now  idea  appears  in  the  providing  a  horizontal 
barrel  roof  to  a  sloping  passage,  thus  keeping  all  tho  brickwork  level, 
while  the  floor  rapidly  descends.  Tho  result  is  a  passage  which  is 
about  fifteen  feet  high  at  the  end.  The  well  is  put  nearer  to  the  end 
of  the  passage,  and  the  slopiD<j;  door  continues  down  past  it  into  tho 
chamber.      This  lower,  or  funereal  chamber,  has  so  much  caved  in 

ttbat  the  details  are  lost. 
Having  thus  succeeded  in  economising  material  by  the  construotion 
nf  lofty  hollows  vaulted  over,  tho  same  principle  was  carried  further 
in  the  mastaba  of  Prince  Morra.  Here  an  entrance  passage  o^>enB 
into  a  court,  from  which  a  flight  of  steps  led  to  the  top.  Bat  there 
is  no  doorway  from  this  court  into  the  passages.  Tho  only  entrauco 
Was  by  a  well  behind  the  court,  which  led  to  a  high  vaulted  passage 
with  sloping  floor.  This  passage  was  lighted  by  a  high-up  archway, 
»t  tho  deep  end  of  it  tipcning  on  to  a  well  shaft.  Beyond  tho  wall 
was  another  lofty  passage  chamber  with  a  domed  roof,  and  through 
this  the  funereal  chiuiibcr  was  reached.  This  was  much  simpler  and 
poorer  than  before,  not  having  any  lateral  branches,  but  being  merely 
a  place  largo  enough  to  get  in  tho  siircophagUH  aud  place  it  to  one 
side.  Nor  was  there  any  sculpturing  of  the  sides,  or  iiidood  any 
liuiug. 
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The  last  stage  that  wo  have  foand  in  this  series  is  that  of 
Bob,  where  the  wcU  of  entrance  and  the  Eocond  well  are  placed 
together,  and  nothing  oomos  between  the  high-vaulted  Bloping  ftamgt 
and  the  funereal  chamber.  In  this  last  there  is  no  inscription  on  ^ 
outside  of  the  mafitaba  nor  on  the  chamber ;  bat  the  whole  care  wH 
given  to  crowding  the  inside  of  the  c<.>ffin  with  verj  lengthy  sutffH 
texts.  This  seems  to  mark  a  change  of  belief,  from  the  earlier  idei 
of  the  ka  wandering  aboat  from  the  tomb,  inhabiting  its  statue,  i 
accepting  its  offerings,  to  the  different  idea  of  the  importance  of  i 
mummy  and  the  need  of  its  having  the  preservative  charms  as 
to  it  as  possible.  Thus  in  this  series  of  tombs  wo  have  seen 
earliest  at  Mednm,  with  a  central  well  and  sloping  entrance  to 
chamber ;  the  long  sloping  passage  of  Adu  I.  pretixed  to  the 
entrance ;  the  well  pushed  on  to  near  the  chamber  in  Adu  II. 
start  of  high-vaulted  spaces  in  the  next  tumb ;  the  extension  d 
these  largo  spaces  in  order  to  economise  material,  with  b&rrel  sad 
domed  roofs  ;  and,  lastly,  the  rearrangement  of  the  ports.  If  m 
could  extend  this  chain  onward  beyond  the  century  or  two  which  il 
covers,  we  should  doubtless  be  ablo  to  trace  many  more  changes 
diverse  forms ;  but  the  lack  of  material  is  our  tlifficulty,  and  it  j 
only  this  spring  in  my  work  at  Dendereh  that  the  preecut  series  F 
come  to  light. 

I  do  not  propose  here  to  deal  with  the  series  of  chuiges  to 
seen  in  the  construction  of  pyramids,  as  that  alone  wouM  be  a  li 
subject.     But  we  may  notice  how  the  earliest  type  of  pyramid 
from  the  mastaba  with  a  long  sloping  passage.     The  royal 
tomb  of  Seneferu  had  such  a  passage,  starting — as  do  these 
of  the  princes'  tombs — from  the  ground  level.     The  next 
to  add  a  coat  of  masonry  around  the  pyramid  like  the  sacoe«nt| 
around  Rahotep's  mostaba,  and  to  continue  the  original  m 
This  was  done  seven  suocessivo  times,  each  time  supposed  tol 

last,  as  the  masonry  was  finely  finished  off  with  polished      

Finally  camo  the  idea  of  putting  one  continuous  coat  from  tnp 
base,  and  so  the  first  pyramid  came  into  existence.     When  uuc« 
form  was  started,   the  later  kings  designed  their  pyramids  at 
stroke  and  hod  no  such  intermediate  steps  of  constmciiun ;  this  j 
obvious  wbco  we  look  at  the  arrangement  of  the  internal 
So  we  must  by  no  means  suppose  that  because  the  firet  pyramid 
thus  developed,  that  therefore  every  pyramid  went  through  the  i 
stages. 

Of  tho  later  times  of  the  Egyptian  kingdom  very  little  ar 
tural    mat«rial   has   been    examined   from    the   cemeteries.     In 
XXVIth  Dynasty,  about  600  b.c,  tombs  were  mode  with  a  well 
and  one  chamber  or  several  at  the  bottom  of  it  under  tho  groimd,  I 
we  know  nothing  of  the  surface  buildings.     Too  often  any  rich 
%vas  provided  by  ejecting  the  former  occupier  of  some  noble  etmcti 
The  stages  of  tho  latest  degrmlfttion  can  be  traced.     The  do«"p 
and  chamber  became  shortened  and  simplillod  in  thu  PtolcmotoJ ' 
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At  tho  eud  of  that  period  tho  cbambor  was  mado  still  smaller,  and 
tho  coffin  was  left  projecting  into  the  well.  Then  it  was  simply 
plao«d  in  the  well,  which  became  thns  a  deep  grave  and  nothing 
more.  In  Roman  times  tho  well  was  made  shallower  stage  hy  stage, 
until  at  last  it  became  a  mere  shallow  grave,  only  two  or  throe  feet 
deep.  Finally  tho  wholo  systom  of  preserving  the  body  and  burying 
a  special  class  uf  funeral  objects  came  to  an  eud  with  Christianity  in 
Egypt,  when  the  body  was  buried  in  the  clothes  worn  dnriug  life, 
and  any  objects  boriod  with  it  were  those  which  had  been  actually 
used  by  the  person. 

[Note.— Although  the  lower  edce  of  tho  plans  is  eaat  and  tho  top  west,  yet 
tba  reader's  rif^ht  baud  ia  Bontb  niKt  left  baud  uorth,  owLug  to  t}io  pluu»  Lavmg 
been  revened  io  makiag  the  blooka.] 

[W.  M.  F.  P.] 
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GENERAL  MONTHLY  MEETING, 
f^  Monday,  Jane  6,  1898. 

Sib  Jamks  Cbichton-Bbowne,  M.D.  LL.D.  F.R.S.  Treasnror  and 

Vice-President,  in  tho  Choir. 

Arthur  Wemysa  Horsbrngh,  Esq. 
was  elected  a  Member  of  the  Royal  Institution. 

The  Special  Thanks  of  tho  Members  wore  returned  for  the 
following  Donations  to  tho  Fund  for  tho  Promotion  of  Ex|>erimontal 
Beaoarch  at  Low  Temperatures : — 

£        ». 

Mrs.  G.  J.  Romanes        5     1 

Sir  Frederick  Bramwell,  Bart 100     U 

Professor  Dewar      100     0 

Dr.  Ludwig  Mond 200     0 

Charles  Hawksloy,  Esq 100     0 

Sir  David  Salomons,  Bart.       21     0 

Dr.  Rudolph  Messel       100     0 

The  Prebsnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  tho  thanks  of  the  Members  returned  for  the  same,  viz. : — 
raoM 

The  Preitok  Oovemmtnl — Dncnments  Inddits  snr  I'Histoire  de  Franco:  Lettres 
de  Catherine  de  Mtfdicl*.  Toiw  VI,  1578-79.    4to.     Igft?. 
Topomphio  Hiatorique  du  Vleax  Paris.    BtfgioDCentrulodorUnirenih^.  Ho. 

The  Lord*  of  the  Aiimiralty—Sikui\ca\  AlwMtMoCiKxil&r.Sv.  17.    8vu.     181)8. 
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Ctimera  Club — Journul  for  May,  18;»8.     8v(i. 

Cliemieal  Industry,  Society  o/'— Journal,  Vol.  XVII.  No. 

Cliimioal  &>ci«ty— -Journal  Tor  May,  IS'JS.     Sro. 

ProoeedingA,  No.  105.     8vo.     1898. 
Cornwall,  Royal  Inttilution  of — Joumsl,  Vol.  XIII.  Part  2. 
Craeofie,  I'AeadSmii'  det  Seienctt — Bullotio  International.  II 
Grottn/,  Lockwovd  it  Son  (t/ie  PMUhfTi) — Catalogue  of 

Hookg.     Sto.     1S'.»8. 
Ddx,  Sooietede  //orrfa -Bulletin,  1897,  No.  4.    8vo. 
Editor* — American  Journal  of  Science  for  May,  1898.     8% 

Analyst  for  Mny,  1808.     8vo. 

Autliony'ii  Pliotoptrapbio  Bulletin  for  May,  1898.     8t(v] 

Autrophysical  Journal  for  May,  1898.    8va 

AtLoiiretim  for  Mnv,  1898.    4to. 

Author  for  Ma  v.  1808. 

BiiuetalliBt  for'May,  1898. 

Brewers'  Journal  for  May,  1898.    8vo. 

Ghvmical  Nowa  for  May,  1898.    4to. 

Cheniiat  iind  Driiggint  for  Mny,  1898, 

EducalioB  for  May,  1898.    8vo, 

Eloctrical  Engineer  for  May.  1898.     fol. 
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Nature  for  Mav,  1898.     4lo. 
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/r«,  F.  K.  Kiq.  {the  ^iWAor)— Knimnkofi  Colour  Photography.     8vi>.     1898. 
JnneL  CharUt,  Emj.  {the  Author') — Natural  Hi«tory  Papcrg.     1HII7.     8vo  and  fol. 
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Jbvy  Laague — Nary  Len^n  Jounuil  for  May.  1898.    4  to. 
Ntimitmatio  Society — Chrotticlp  and  Journal,  1898,  Part  L    8vn. 
Odontologleal  Soeiety  of  Great  fir/tatn— TraTuactions,  Vol.  XXX.  Kna.  6,  7.    9vo. 

1898. 
Pari*,  Societe  Frauraite  de  Phytique — SAvnoea,  1897,  Fuse.  3.     8vo. 

Bnllottn.Nos.  114-116.    8vo.     1898. 
Pharmactutical  Soeiily  of  Orejil  Britain — Jnurnal  for  Miiy,  1898.     8vo. 
PhiUitu,  Charln  E.  S.  Emt.  3f.R.J.— Snbnoarino  Tolegrapha:   Thtir  History. 

CoaBtraotioa  »nd  Working     Uy  0.  Bright.    8vo.     1898. 
Pkotografhie  Society  of  Qreat  Brihtin,  Royal — ^The  Photograpktc  Journal  for 

Apnl,  1898.    Svo. 
BfxikoeliOHart,  La  Soeiflf  let  Ami*  de*  Science*  et  Art» — Bulletin,  Tome  Vlf. 

Scm.i-6.    Sfa     1897-98, 
Seme,  Miniitn/  of  PvbUe  IFork*— Giornrilo  del  Genio  Civile,  1898,  Faao.  2,  8. 

8vo.     1808. 
Bayat  Society  of  LotKJon— PbilMophical  Tninsactioiu,  Vol.  CXCI.  A,  Nos.  210- 

218.     4trt.     1898. 
Procovdlngs,  Nom.  393-395.    8vo.    1898. 
8<uum  Socieiy  of  Scienoes,  Royal— 
PkiU>logitclt'Hiiitori$eko  CkuMi — 

Beridite,  1S98,  No.  1.     8to. 
Belbome  Society— S&tnre  Noteo  fur  Miy.  1898.    Svo. 
So«i«tf  of  ilrto— ^ourniJ  for  May,  1898.    8to. 
Taeettini,  Prof.  P.  Hon.  Mrm.  R.L  {th«  Ju<Aor>— Menmrio  dellA  Booialk  dogtl 

Bpottroscopisti  Itikliuni,  Vol.  XXVII.  Diop.  .3.    4t').     1898. 
Ttttmitnia,  Royal  Society  of — Papero  and  Pri>ctto<lin^,«  for  1897.     8vo.     1898 
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Tkorpu,  W.  Q.  Etq.  (th6  Author) — The  Hidden  Livea  of  Shakospeiue  and  Baoon. 
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ZWoMM.  SoeUlf  ArehciHogique  da  Midi  de  la  France — Uulletin,  BeriM  in  8to, 

No.  20.    8vo.     1897. 
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WEEKLY   EVENING  MEETING. 
Fridaj,  Jane  10,  1898. 

Sir  WnjJAM  Hnoams,  K.C.B.  D.C.L.  LL.D.  F.B.8.  Viofe-Predd 

in  the  Ohair. 

The  Right  Hon.  Lord  Hayleiqh,  M.A.  D.C.L.  LL.D.  r.R.8.  Jf.l 
Professor  of  Natural  Philoeophj,  RJ. 

Some  Experiments  voith  the  Telephone^ 

Eablt  estimates  of  the  minimam   carrent   of  suitable 
auJiblo  in  the  tolophone  having  led  to  resalts  fUfficnlt  of  i 
tioD  with  tho  theory  of  the  instrument,  cxpcrimentfl  were  oud 
to  clear  up  the  question.     The  currents  were  induced  in  a 
known  couBtrnotion,  either  by  a  revolving  magnet  of  kno« 
netio   moment,  or  by  a   magnetised    tuning-fork  vibrating 
a  measured  arc.     The  connection  with  the  telephone  was  ooa 
through  a  resistance  which  was  gradually  increased  until  the 
current  was  but  just  casUy  audible.     For  a  frequency  of  51 
current  wua  found  to  be  7  X  10~*  amperes.*     This  is  a  much 
degree  of  sensitivonesB  than  was  claimed  by  the  earlier  ob 
but   it   is   more   in   harmony  with  what   might  be  expectecll 
theoretical  grounds. 

In  order  to  illustrate  before  an  audience  theas  uid  other  < 
ments  requiring  the  uso  of  a  telephone,  a  oombioation  of'tfa 
iustrumcnt  with  a  sensitive  flame  was  introduced.  The  gas,  at  i 
pressure  less  than  that  of  the  ordinary  supply,  issues  from  a 
hole  burner  t  into  a  cavity  from  which  air  is  oicludod  (»oe 
Above  the  cavity,  and  immediately  over  the  burner,  is  mo 
brass  tube,  somewhat  contracted  at  the  top  where  igoit 
occurs.  I  In  this  arrangement  the  flame  is  in  strictniesB 
indicator,  the  really  sensitive  organ  being  the  jet  of  gu 
within  the  cavity  and  surrounded  by  a  similar  atmospherei. 
the  pressure  is  not  too  high,  and  the  jet  is  protected  from  i 
flame  is  rather  tall  and  bums  bluish.  Under  the  inflneooo 
of  suitable  pitch  the  jet  is  disjtersed.      At  first  the   fluiw^ 


•  Tho  rietails  ore  Kiven  in  '  Phil.  MaR.'  vol.  xxxviiL  p.  285  (l£M> 
t  Tho  diameter  of  the  piu-hnie  niny  bo  003". 
J  'Camb.  Proo.'  vol.  iv.  p.  17.  I8«0. 
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becoming  for  a  momont  abuoet 
inTisible ;  afterwards  it  assumos 
a  ntoro  smoky  and  luminonB  ap- 
pearance, easily  distingaishablu 
frum  the  nucxcited  flame. 

When  the  sounds  to  be  ob- 
served come  tbrougb  the  air, 
thoy  find  aooess  by  a  diaphragm 
of  tissue  paper  with  which  the 
cavity  is  faced.  This  eorvos  to 
admit  vibration  while  sniBciently 
exclnding  air.  To  get  the  best 
results  the  goa  preBRuro  mnat  bo 
steady,  and  be  carefully  adjusteil 
to  the  maximum  (about  1  inch) 
at  vhich  the  flame  remains  un- 
disturbed. A  hiss  irom  the  mouth 
then  brings  about  the  transforma- 
tion, while  a  clap  of  the  hands  or 
the  sadden  crackling  of  a  pioco 
of  paper  often  causes  extinction, 
especially  soon  after  tho  flame 
has  been  lighted. 

When  the  vibrations  to  bo 
indicated  oro  electrical,  the  tele- 
phone takes  tho  place  of  the  disc 
of  tissue  paper,  and  it  is  advan- 
tageons  to  load  a  short  tnbo  from 
the  aperture  of  the  telephone  into 
closer  proximitj-  with  tho  burner. 
The  earlier  trials  of  the  combina- 
tion were  comparative  failures, 
from  a  canso  that  oould  not  at 
first  bo  traced.  As  applied,  for 
instance,  to  a  Hughes'  induction 
balance,  the  apparatus  failed  to 
indicate  with  certainty  tho  in- 
troduction of  a  ghilling  into  one 
of  the  cups,  and  tho  performance, 
such  as  it  was,  seemed  to  dete- 
riorate after  a  few  minutes'  ex- 
perimenting. At  this  stage  an 
observation  was  made  which  ulti- 
mately afforded  a  cluo  to  the 
anomalous  behaviour.  It  was 
found  that  tho  telephone  became 
dewod.  At  first  it  seemed  incre- 
dible that  this  oould  come  from 
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tbe  water  of  combastion,  seeing  that  the  lowest  part  of  the  fliuiic 
many  incboa  higber.  Sat  deeiccation  of  the  gas  on  its  way  to  i 
nozzle  was  no  remedy,  and  it  was  soon  afterwards  observed  that  nfl 
dewing  ensaed  if  tbo  flame  wore  all  the  while  under  excitAtiun,  cithai 
from  excess  of  preflBuro  or  from  the  action  of  sound.  The  dewfjaj 
was  thus  connected  with  the  unexcited  couditiun.  Eventuallj  il 
appeared  that  the  flame  in  this  condition,  though  apparently  filliM 
up  tho  aperture  from  which  it  issues,  was  neTurtheless  euriXHiadM 
by  a  descending  current  of  air  carrying  with  it  part  of  the 
of  combuHtion.  Tho  deposition  of  dew  upon  the  nozzle 
presumalilj  tbo  source  of  tho  troublo,  and  a  remedy  was 
keepiog  the  nozzle  warm  by  means  of  a  stt^ut  copper 
shown)  conducting  heat  downwards  from  the  hot  tuba  above. 

The  existence  of  tbo  downward  current  could  be  made  evidenl 
private  observation  in  various  ways,  perhaps  most  easily  by 
jecting  little  scraps  of  tinder  into  the  fame,  whereupon  bright  gpub 
were  Been  to  pass  rapidly  downwards.  In  this  form  the  expennenl 
could  not  be  shown  to  an  audionoe,  but  the  matter  was  illustaled 
with  the  aid  of  a  very  delicate  ether  manometer  devised  by 
Dewar.  This  wos  connected  with  the  upper  part  of  the  br 
by  means  of  a  small  lateral  perforation  just  below  the  root  of  t 
flame.  Tho  influence  of  sound  and  consequent  passage  of  the  : 
from  tho  unexcited  to  the  excited  condition  was  readily  shown 
tho  manometer,  the  pressure  indicated  being  less  in  the  former  i 
of  things. 

The  downward  current  is  evidently  closely  associated  with 
change  of  appearance  presented  by  the  flame.  In  tlio  exoited 
tho  gas  issues  at  the  large  aperture  above  as  from  a  reserroir  *l 
very  low  pressure.  The  unexcited  flame  rises  higher,  and  moril 
issue  at  a  greater  speed,  carrying  with  it  not  only  tho  maioridl 
supplied  from  the  nozzio,  and  constituting  the  original  jut,  but 
some  of  tho  gaseous  atmosphere  in  tho  cavity  snrronnding  it. 
downward  draught  thus  appears  ncoessary  in  order  to  equalise 
total  issue  from  the  upper  aperture  in  the  two  cases. 

Although  the  flame  falls  behind  the  ear  in  delicacy,  the  comt 
tion  is  BufBciontly  sensitive  to  allow  of  tho  exhibition  of  a 
variety  of  interesting  experiments.     In  the  lecture  tho  introduc 
of  a  threepenny  piece  into  one  of  tlio  cnps  of  a  Hughes'  iudl 
balnTieo    was    made    evident,    tho    Miurce    of    corront   boiitg 
Lcclancli6  cells,  and  tho  interrupter  being  of  the  scraping 
typo  ftctnotcd  by  clockwork. 

Among  other  experiments  was  shown  one  to  prove  that  in  i 
cases  the  parts  into  which  a  rapidly  alternating  electric  ct 
divided  may  Iw  greater  than  the  whole.*     The  divided  cir 
formed  from   the  three  wires  with  which,  side  by  side, 


•  See  •  Phil.  Kikg '  v.l.  xxii.  p.  49C  (1886). 
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coil  is  wound.  Odo  brauch  is  formed  by  two  of  these  wires  oonnect«d 
in  series,  tLe  otbor  (in  pumllel  with  the  first),  by  the  third  wire. 
Steady  ciirronts  would  tmverse  all  three  vviros  in  the  same  direction. 
Bat  the  rapidly  periodic  currents  from  the  intorrupter  distribute 
themselves  so  as  to  make  the  eclf-iiiduction,  and  consequontly  the 
magnetic  field,  a  minimum ;  and  this  is  cfibctcd  by  tbo  assumption  of 
opposite  valncs  in  the  two  branches,  the  ratio  of  currents  being  as 
2 :  —  1.  On  the  same  scale  the  totiil  or  main  current  is  +  ^  It 
was  shown  by  moans  of  the  telephone  aud  flame  tliat  the  current  in 
one  branch  was  about  the  same  (arithmeticflllj  j  as  in  tho  main,  and 
that  the  current  in  the  other  branch  was  much  greater.  [R.J 


GENERAL   MONTHLY   MEETING, 

Monday,  July  4,  1898. 

AMES  Cbiohtoh-Brownk,  M.D.  LL.D.  F.R.S.  Treasurer  and 
Vico-Prosident,  in  the  Chair, 

The  Special  Thanks  of  the  Membora  were  rotnmed  for  the 
following  Donations  to  tho  Fund  for  the  Promotion  of  Experimental 
Bosoarch  at  Low  Temperatures  :  — 


Sir  Frederick  Abel,  Bart.  K.C.B lOO 

Sir  Andrew  Noblo,  K.C.B 100 

Sir  John  Brnnner,  Bart.  M.P.  ..  ..        60 


I         The  Pbesbnts  received  since  tho  last  Meeting  were  laid  on  the 
I  tikblo,  and  the  thanks  of  the  Membtrs  returned  for  the  same,  viz. : — 
I         raoM 

U  Tkf  l^ordi  of  Ou>  AilmtrnUy— Vtrtvnviicii  Ohtotvhtions,  ISaa.    4b\     I8P7. 
f      Ureenwioli  Bp«ctro8i-o|>ic  Hod  I'hntu^^rapbic  Reealto,  1893.    4to.     1897. 
Cape  Meridian  ObservatintiB,  1H92  to  1895.    4to. 

The  Capc'  PLioUierspbic  DurchmoHtprunir  for  the  Eqoinox,  1875,  Vul.  II.    4141. 
Annalii  of  the  Cupe  Observatory,  V<il.  IV.    4tn. 
Hc-|iort  of  tlio  Aetmnonier-RoyRl  to  tUo  Bi«ri1  nf  Vigiirni,  1 89S.    M. 
Thf  Brilinh   Mu$eiim  TruiUff — Kncjiiiuileg  from  Early  I'riuttxl  Books   ia   tlie 
Britinb  Muaeuin.     fol.     1897. 
CaUlogue  of  tbo  Stowe  MSS.    Vol.  I.  Text:  Vol  11.  ladex.    8m    1895-96. 
Catalogue  of  Greek  Coins:  Ionia  (IS92) ;  Mv8in(lS92):  Alexaudria  nnd  tbe 
Nomea  (1892);  Tmss,  JEnM*  aud  T.e«br.B  (1894);  C»ira.  Cos,  Rhodes,  Ac. 
(1897);  Lycift,  Pamphylin  and  Pisidi.v  <lHiJ7).    8»o. 
Gataiogue  of  tbo  Hindi,'  rnojnbi,  Siudbi  and  Piubtu  Printed  Books.    4to. 

1893. 
Catalogue  nf  Hebrew  Books  acquired  durinp  18B8-02.     4to.     1894. 
AhvkTTOU),  Chnrltt,  Etq.  M.  Intl.  C.E,  {the  Compiler) — Annual  Fejiort  relating  to 
the  Pnblio  Works  Department  of  the  Stadsraad,  Johannesburg,  8,A.tt.    fol. 
1«97. 
Vol.  XV.    (No.  92.)  3  r 
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Aeeademia  dei  lAnrei,  Beale,  iloma— CUtM  di  Soknw  Munii,  eie. :  RomU 
Serie  Quinta,  Vol.  Vtl.  Faso.  3,  4.    ClasM  di  Scienze  Fiaiohn,  Matomatii 
e  Nkturali.    Atti,  Serio  QuiuU :  ReDdioonti.    I"  Semestre,  VoL  VIL  Fuc  10 
8to.     18!«. 
Agricattural  Society,  Royal — Jcuraul,  Vol.  IX.  Part  2.     8?o.     1898. 
American  Acail<n»y  of  Art*  and  Seienoet — Proceedings,  VoL  XXXUL  Ko*.  ft 

8to.     18J8. 
American  PhiluMphieal  Sooiely — Prooeedingv,  VoL  XXSVL  So,   ISfi,    ' 

1897. 
Anoni/motu — A  Correspondence  between  aa  Anuktear  and  •  Proftwoc  of  Mil 

EoonotQjr.    Svo.     1898. 
Attronomical  Society,  fioyal — Monthly  Notioi,»,  VoL  LVHL  Ko,  7.     8»a 
Banker;  IntfUute  o/-^oiimftl.  Vol.  XIX.  Part  6.    8vo.     1898. 
Botton  Public  Libranj— Monthly  Bulletin.  Vol.  IIL  No.  6.     8vo.     189S. 
Botlon  Society  of  Natural  Htirfory— Prooeedings,  Vol.  XXVIII.  Noa.  fi,  7. 
1S98. 
Memoirs,  Vol.  V.  No.  3.     4to.     1898. 
Britiih  Arehiteets,  Boyal  Inslilute  o/— Jonmal,  3rd  Series,  VoL  V.  No*  )S^ 

4to.     1898. 
Britinh  Attronomieal  A$ioeiatiof^-~JoaTnn\,  Vol.  VFTL  No.  7.     8m.     1S9S. 
California,  UniveriHy  o/— Varioos  Publication*,  1896-97. 
Cambridge  ObtervaUtry    5yn<iioa<«— Astronomical    ObaofTktions 

Observatory,  VoL  XXIII.  1872-75.    4to.     1898. 
Cambridge  PkiUmopkital  Socirty — Proooedings,  Vol.  IX.  Part  8. 
Cambridge  Uniterrity  Library  Syndicate— AnaaaA  Bcport,  1897. 
Camera  Ulub — Journal  for  June,  1398.     Sto. 
Chemioal  Indtutry,  Society  of — Joamal,  Vol.  XVIL  No.  5.    Sro. 
ChemiciA  SooMy— Journal  for  June,  1898.     8ro. 

Prooeodinga,  Noa.  196,  197.    8to.    1897. 
Chicago,  PiM  Columbian  JfunMifn— Bulletins:    Botanical  Series,  VoL  L 

Anthropological  Sorics,  Vol.  II.  No.  2 ;  Zoological  Series,  VoL  I.  Noa.  9, 
8vo.     1898. 
Chwee,  Frank,  Rtq.  F.C.S.  M.R.1.  (the  AiMor)— The  Detection  and 

ment  of  Inttnmmable  Gas  and  Vapour  in  the  Air.     Uj  V.  CkHNB 
B.  Redwood.     8vo.     1896, 
A  Treatise  on  Practlcul  Chemistry  and  Qaslitative  Analysis.    6lh  od. 

1895. 
Quantitative  Chemical  Anidysis. 
1897. 
Constable,  Mettrt.  T.  and  A.  (the  PuUitliers) — The  twenty-sixth  Tolume  of 
Publictitioiis  of  the  Scottish  Uiotory  Society,  oontaining  "  Diary  of 
Wariston,"   "  Preservation   of   the   Honours   of    Sootland,"    "  Lord 
Legooies,"  "Highland  Affaira  in  tlio  IKth  Century."    8vo.     1896. 
Cnrnaall,  Royal  IntlUittion  of — Journal,  Vol.  XUL  Part  3.    8to.     I 
Editors — Amerioan  Journal  of  Science  for  Jane.  1898.     8vo. 
Analyst  for  Juno,  1898.     8vo. 

Anthony's  Pliolograpliic  Bulletin  for  June,  1898.     Svo. 
Athenioutn  for  June,  1898.    4to, 
Author  for  June,  1898,     Svo. 
Bimetatliiit  for  Juno,  1898     Sva 
Brewers'  Journal  for  June,  1898.    8vo. 
Chemical  News  fur  June,  1898.    4to. 
Chomiat  nnii  Druggist  for  June,  1808.    Svo. 
Education  for  June,  18!t8. 
ElectrioAt  Eu^necr  for  June,  1898.    fuL 
Electrical  Engineering  for  June  15,  1893.    8va 
Kiectrionl  Review  for  June,  1898.    8vo. 
Electricity  for  June,  1898.     Svo. 
Engiuter  for  Juuf,  1898,     foL 
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KdHort — tondttued. 

Engiueoriiit;  for  Juiie,  1898.     fol. 

Homoiopatliic  Keview  for  Judo.  189K.    8vo. 

Hoiolugioal  Journal  for  Deu.  1 8!)5.  March  and  Not.  1897,  and  JaiM,  1898.    Sriw 

lodiutries  and  Iron  for  June,  l&yH.    fol. 

loTeuticin  for  June,  1898, 

Jounml  of  Physu-al  CbomiBtry  for  June,  1898.    8vn. 

Journal  of  8t&to  Uedicino  for  Juno,  1898.     8vo. 

Ijqw  Jouninl  fox  June,  1898.     SVo.  • 

LiglitDiDg  for  June,  1S98.     Sra 

Macbinery  Market  for  Juno,  1898.     8vo. 

Nature  for  June,  1898.     4to. 

New  Church  Magniiue  for  June,  1898.     8?o, 

Nnovo  Cimptitj:>  for  May,  1898.     8vo. 

Photographic  Nowb  for  June,  1898.     8vo. 

Pbvaical  BoTJew  for  May- J  one,  1898.     8vo. 

Public  IleatUi  Engineer  fur  June,  1898.     Svo, 

Science  Abatnusts,  Vol.  I.  Part  6.    8vo.     1898. 

8cience  Siftings  for  June,  1898. 

Tni¥cl  for  June,  1898.    Svo. 

Tropical  .Agriculturist  for  June,  1898. 

Zuopliili«t  for  June,  1898.    4to. 
Edward*,  Perey  J.  E»q.  {the  Compiitr)— History  of  Loutlon  Street  ImproremenI*. 

1855-97.     fol.     1898. 
Eieetrioal  Engineert,  IiutUution  n/— Journal,  Vol.  XXVII.  No.  la.'i.    Sva    )89!l. 
FloTtnux,  BMioUea  SatxonaU  Crafrtitf— DotkttiLia,  Not).  'iiDH,  299.    Svo.     189K. 
Franklin  Insliluie — Journal  for  Juno,  1S98.    Svo. 

lieographieal  Society,  Royal— Gvagmphk-al  Joumul  for  June,  1H98.     Svo. 
Oeohgieal  &)eMy— Quarterly  Journal,  No.  212.    8to.     1897. 
Imperial  JtulUute — Importol  lostitutB  Journal  for  June,  1898. 
Johtu  Uopkint  Unimriity — UnivoTBity  Cironlars,  No.  135.    4to.    1898. 

Amehcnn  Chemical  Journal  for  Juno,  1898.    8vo. 
Jordon,  Wn.  L.  E*q.  M.R.I.  (Itu  Author)— The  AdmiruUy  Falaiflc*tion  of  tlio 

•*Cballeoger"keoord.    8vo.     1890. 
Leiottter,  Free    Public  Libraries  CommiUee — Twenty-aevtoth   Annual   Report, 

1897-98.     8to. 
London  County  Council  Teclinioal  Education  Board — Report  of  the  Technical 
Education  Board  for  1897-98.    fol. 

London  Technical  Uducatina  Gasette  for  June,  1898.     ful. 
MituttheUer  Geologuytl  /4)cWy-Transactlong,  Vol.  XXV.  Part  16.    8vo.     1898. 
Mameh»ii«r  Literary  and  Philotopkical  Society — Mciuoira  and  Proceedings,  Fourth 

Beries,  Vol.  IX.  No.  2.    Svo.     1894-95. 
Medtanieai  Engineeri,  Inililution  of — Proceedinga,  1897,  Noa.  3,  4.    8ro. 
AffTidefi  SWe»<i;/i<' vlMoctoJioH—Transaotious.  Vol   VIII.     Svo.     1897  98. 
Mertey  Commiitioiur$ — Boport  on  the  proaent  atute  of  the  Navigation  »['  Iha 

River  Merwy.  1897.    By  Sir  O.  S.  Narna.    8to.     1898. 
Miemtcopieal  Soeietff,  Aoycd— Journal,  1898,  Part  3.     Svo. 
t/aty  L»iag»0—lK»Yj  League  Joumul  for  June,  1808.    Svo. 
ffmo  Jertey  Oeologieal  Surpey — The  Physical  Geography  of  New  Jersey.     Ity 

R.  D.  Sftliabary.    Svo.     1898. 
New  South  WaU$,  The  Agent-Oeneral  /or— The  Wealth  and  Progress  of  New 

South  Walea,  1896-97.     By  T.  A.  Coghian.    Svo.    18y7. 
North  of  England  IiulUutr  nf  Mining  and  Mrehaniral  Engineeri — An   Anonunl  of 
the  Strata  of  NortUumlierlund  and   Durhum  as  proveii  by  Boringn  und 
SinkiBgs.    A-U.  and  L-R.    Svo.     1878-87. 
IMnee,  Prof.  H.  K. — Comuiuuicutioni)  from  the  Phyak-al  Lalwnitory  at  the  Univer- 
sity of  Leiden,  No.  41.    8to.     189K. 
PaW*.  &>ci«Mii«  f'Ay«iV;u«— Bulletin,  Noa.  117,  118      Svo.     1898. 
Vkarmaoeutioal  Society  o/  Great  Britain — Journal  fur  Juue,  1898.     Svo, 
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Ft  iliirfflii.  Atmitm§«fSmimml &&■«■— PWewtfagii.  1897. Part 3.  8nx  189& 
n  Ki  ■  ■■!  I'r  AcMfa.  Jfajr^— The  Pbotoeaphie  JomiMl  Car  Ifatjr.  Itt98.    Svo. 
JfaM.Jb^«<JPMifeirari»-GiatBale  del  G«nioGMl^  1898,  FaK.i.    8m 

AadPwigiii     feL 
JfafI  flew^  ^  yjiehw  yl    IVnrwriingi.  YoL  XXIL  Kg  1.    8va    1897-98. 

TniMetiaBfi,  ToL  XXXIX.  Put  1.    4toL    1898. 
Bmmd  &xMb  a<  loitoB  'Phjheophieel  Timiiaaetioiis,  Ser.  A,  ToL  CXCL  Ka 
219:  Ser.  B.  YoL  CXa  Na  157.    4ta    1898. 
PMweediBgi,  Koa.  S96-398.    8to.    1896. 
£k.  Ptfanhn,  tmrfriMr  ImperiaU  iea  Sfiimen    Hfmoixea.  Tome  Y.  Nob.  6-13; 

TaBeYLNae.1-3,5.    Sra.    1897-96. 
/^HHtary /Mttele— Jooniel.  YoL  XYIL  Part  3.    Sm.    1896. 
iieottu*  JTMraeeopMal  &Mw<y— PraeeedingB.  YoL  II.  Ka  2.     Sro.    I89&-97. 
gdtonM  &ei^    Xataie  Notea  for  June.  1898.    8to. 
Smi&mmiaM  ImaHtatiom    A  Catalogne  of  Kartlmnakea  on  the  Vmatk  Ooart,  1769- 

1897.    Bjr  E.  8.  Hdden.    (Smith.  Mik.  CoU.)    8t&    1896. 
£oeuly^.lrt«— Jooinal  for  JuDe,  1898.    8tol 
TaeeUmi,  iW.  P.— Maaorie  ddla  Saeie&  deg}i  Spettroeoopiati  Italkmi,  YoL 

XXYILDHit.4.    4to.    189& 
TmHeltm,  Alfnd  B.  £W.  JLBJ.  (Oe  ^«aor)— Kiebolaa  BidOaiiear  (Adma  lYX 

Kngtirfiman  and  PbpeL    ito.    1896. 
DmaedSen!ieaItmUimtiem,Bfifal—Jaaroal§arJiiat,l9a».    Sro. 
Dmitad  atote  Depmtmemt  «f  it^riMlfwre— Experiment  Statkm  Beoord,  YoL  EL 
Koa.  6-10.    Sva    1898. 
Tear  Book  of  Agrienltnie,  1897.    Sra    1896. 
rmOed  Slate  IfeiiBifweaf  <>^tte  Jateior— Befnrt  of  the  Sea«ta(T  of  the  Interior, 
1895-96.  Y(^  lY.  Put*  1-4.    4ta    1896. 
Beport  of  the  Seeretaiy  of  the  Interior,  1896l    5  toU.    8to.     1896-97. 
UnOed  8late$  Pat4mt  Ofee-OtOati  Gasette,  Ytd.  LXXXIIL  No*.  2-5.    Sra 

1898. 
ramrnfyo^ZoMioB—Oakodar,  1898-99.    Sm    1898. 
Vietoria  IntiamU—Jaaraal,  Na  118.    Sra.    1898. 

FfMiMi.  Imperiai  Geological  /wfitefo— Jahrbnch,  Band   XLYIL  Heft  2.    8to. 
1897. 
AbhandluDgen,  Band  XVIL  Heft  *.    4to.     1897. 
Wagner  Free  Imtitute  of  Seienee,  FkOadelpkiar—TnxiB^etioos,  YoL  Y.   Sva   1898. 
Yoriukire  ArduBoUgiral  Society — Tmkahire  Archeological  Jonmal,  Part  57.  Sra 
1898. 
List  of  Members  and  Catalogue  of  Library.    8to.    1898. 
Zoological  Society  of  Loiuioii— Prooeedings,  1898,  Part  1.    8to. 

Transactions,  VoL  XIV.  Part  6.    4to.     1898. 
Zirifh,  Naturfonehende  Oettiltehaft — Vierteljahmchrift  der  Katnrfonchenden 
Geaellschaft,  1898,  Heft  1.    8vo.     1898. 
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GENERAL   MONTHLY   MEETING. 
Monday,  Noveialwr  7,  1898. 

8a  Jaiiis  Cbichton-Bbowne,  M.D.  LL.D.  F.R.S.  Treasurer  and 

Vice-Pfeeidcnt,  in  the  Chair. 

The  Special  Thanks  of  the  Members  wore  returned  for  tho 
following  Donations  to  the  Fnnd  for  the  Promotion  of  Experimental 
Rescoreh  at  Lowf  Tomperaturee : — 

John  B.  Carrington,  Esq £25 

Charles  Scott  DickBou,  Eeq.  Q.C £100 

Thb  Pbebentb  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOM 

T%«  Lurdi  of  the  Admirally — Report  of  Her  Majesty's  Astronomer  at  Uio  Cuuu 

of  Good  Hope  for  1897.    ito.     1898. 
AM.  Sir  Frtderick,  B»rL  K.C.S.  F.H.8.  M.R.I.  <(c— AddobI  Boport  of  tho 

Indian  Bection  of  the  Imperial  Inntitute,  1897-98.    fol.    1898. 
Aeeademia  dei  Lineei,  Rtale,  Eoma — Oloaie  di  Bclense  Morali,  Storiohe  e  Filo- 

logiulie :  Beudioonti.    Smig  Quiiitn,  Vol.  VII.  Fasc.  !>.  6.     8vo.     1898. 
Atti,  Serie  Qainta:  Rr-ndicoTiti.    Clnsrie  di  Soicnze  Fisiche,  etc.     1°  Seiueslre, 

Vol.  Vir.  Fa»o.  11,  12 ;  2"  ijiemcstre.  Vol.  VII.  Fasc.  1-7.    8vo.     1898. 
Agricuitural  Society  of  England — JoumaL,  Vol.  IX.  Part  3.     8vo.     1898. 
American  Aetulsmit  of  ArU  and  SoieHced— ProoeedinRS,  VoL  XXXII.  Nob.  13-14. 

8to.     1897.     Vol.  XXXI II.  No*,  ia-27;  VoL  XXXIV.  No.  1.    8»o.     1898. 
Memoin,  Vol.  XII.  Na  4.    4lo.    189 
Amtrieam  Atioeiatioa /or  the  Advancement  of  Seienee — Prooeodings,  Vol.  XLVI. 

Sto.    1898. 
American  Oeaaraphieal  SboiXy— Ballotin,  Vol.  XXX.  No.  3.    Svo.     1898. 
Ameriean  Philotojthical  Society— I'toeeoAiuga,  Vol.  XXXVII.  No.  157.  Svo.  18118. 
Amiterdam,  Royal  Arademy  of  Seieitee* — Verhnndcliiigeu,  1*  Bectio,  Deel  VI, 

Nos.  1-5;  2»  Seotie,  Ueel  VI.  Nos.  1,  2.     Svo.     1898. 
Jaarboek,  1897.    8vo.     1898. 
Veralagen,  Deel  VI.    Svo.     1898. 
Amalie  Societt/  of  i/cHyaf— Procecrdings,  1897,  Nos.  9-11  :  1898,  Nos.  1-4.     Svo. 
Jonnial,  Vol.  LXI.  Part  1,  Eitra  No.  3;  Vol.  LXVI.  Part  I,  No.  i.  Port  2, . 

No.  4 ;  Vol.  LXVII.  Part  1.  No.  1.     Svo.     1897-98. 
AMolie  Society,  J^oytO— Journal  for  July-Oct.  1898.    Svo. 
A$lronomieal  Society,  Royal — Monthly  Noticed,  Vol.   LVIII,  Nos.  8,  9,  nnd 

Appendix.    Svo.    1898. 
List  of  Members,  Jane  1898.    Svo. 
Jkinkeri,  Intiitute  o/— Jourtml,  Vol.  XIX.  Part  7.     Svo.     1808. 
Baiel,  SaturfoTKhende  6'Mc{/«eA(i/<— Verbandlungeu,  Band  XII.  Uuft  1.    Svo. 

1898. 
Berlin,  Royal  Pnuuian  Academy  of  Seienee* — 8itzungsbeHclite,  1898,  Noa  24-'!i!>. 

Svo. 
BottoH,  U.S.A.  Public  Litrary— Monllily  Bulletin  of  Books  lulded  to  the  Library, 

Vol.  III.  Nos.  7-lU.     8vo.     1808. 
Forty-sixth  Annual  Report,  1897-98.    Svo. 
Bottnn  Soc^y  of  Natural  l/wtory— Proceedings,  Vol.  XXVIXI.  Nos.  8-12.    8vc. 

1898. 
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Botault  SoeUtf  of  Imtdam,  Bayat—Qwtierlj  Beoonl,  Vol.  VIL  No.  73.    Kio. 

1K98. 
BrUi$k  ArtkiUeU,  Royal  hutitmte  o/— Jounal,  1897-98,  Horn.  17-20.    8vn. 

CklendAr.  1898-99.    8tcl     18»8. 
AOuk  AtlroiumiaU  Amaeiation—3aan»\.  Vol.  VIII.  Kos.  8-10.     8Tn.     ]S!)R. 

MoMin,  VoU  VI.  PmIs  4,  5:  VoL  VII.  Part  I.     8va     18!)8. 
JKrilM  JfMVMi  Tnnrfi—    The  Toema  of  fi^x^ylidea.    Editc'd  by  P.  G.  Kcorun. 
8m    1897. 
The  Fbenu  of  BawhvUdc*.    Facomile  of  Papynu   DCCXXXUL  ia  <b« 

Britirii  MoKiiro.    fol.    1897. 
QMalogoe  of  Printed  Books  in  the  British  Mqseiuii  relnttug  to  Wm.  81ikkc- 

•pe«re.    4to.     1897. 
Snppieaent  to  the  Cataloffue  of  the  Penian  M8S.    Br  C.  Rieo.    4to.    1895. 
While  Athenian  Vnaea     Bt  A.  S.  Mumy  mnd  A.  H.  Smith,     ito.     1W6. 
Paosiiiuks  at  Rojrml,  Histoneal.  Literarr  and  other  Antogmphs  in  the  [>epftrt- 
mentoTMSS.    Edited  by  O.  P.  Warner.    First  8«ri»,  8«3ond  Edition.  I  ftHl; 
SeeoDd  Seriea,  18i)6:  Third  Series,  1897.    fol. 
OkteloKoe  of  »ekia  in  the  Department  of  MSS.  Vol.  V.    8va     1 89a 
Oklalogne  of  Drmwings  by  British  Artists  in  the  Department  of  Prinla.    By 

L.  Knyon.    8ro.     1898. 
Otalogne  of  Japanen  Printed  Hooka  and  MSS.     By  R.  K,  Dnn^las,    41a. 
1898. 
BrynMMr,  Dongku,  E»q.  ((i«  Arehiritty—^pott  on  Canadian  Aivhivea  for  I8D7. 

8m.    189& 
Jfrnrmm  AifM,  Uvtm  Sacicmal — Comnnieaciones,  Tome  I.  No  1.    Sra.    1886. 
ramtra  Chii)— Jonmal  for  Joly-Oct  1898.    8ro. 

Campion,  .ffmry.  E»q.(lhe  Author}— The  Secret  of  the  Poles.    f»ro.     188a. 
Camadiam  JnsMsto— Transactions,  VoL  V.  Part  2,  No.  10.     8to.     189& 

Proeeedinm,  Vol.  L  Parts  4,  5.    8vo.     1898. 
CiMmieal  Jnduttry,  Soeietf  o/->JonniaI,  Vol.  XVIL  Xos.  C-10.    Sm.    1896. 
dumUai  Seoiety—Joamai  fur  July-Oct  1898.    8vo. 
Civa    Engineen,    lH$Utution   o/— Minutes    of   Procoedinga,    Vols.    CSX&IL 

OXXXIIL    8vn.     1898. 
<\)e,  T%e  Rn.  CSkarios  C.  (the  JufAor)— Katnre  rersns  Natnral   Selection :  an 

essay  on  organic  evolntioo-    8to.     1895. 
Cslliiraiua,  Oss^na/orio  m'eoto  di  (TVroao) — PubblieaxioDi :  Na  1  (Marte  nel 

1896-97.  by  C.  CerulliX    8vo.    1898. 
Vobmial  IwHiute,  Aoyol— Proeeedinga,  Vol.  XXIX.    Sm    1898. 
r^irftwaU,  Pittyttchnie  Soeiety,  £oyqI— Sixty-fifth  Annual  Beport.    8m.     1897. 
*V«i«>ti««!,  TAeadimit  dtt  Btieitem — Bnlletin  International,  1898,  Noa  4,  5.     8»o. 
Cratefard  and  Batearre*,  The  Earl  of,  K.T.  Jtf.ff./.— BibliotbecK  Lindeaiana; 
CaUlogue  of  English  Broadsides,  1505-1897.    (PrivaU-ly  Printed.)    4to. 
I«t8. 
Collations  nnd  Votes,  No.  4:  Antototype  Facsimiles  of  Three  Mappemoodca 
1.  The  H&relian  (or  Anonymous)  Mappemood«,  c  1536;    2.  The  Mappi^ 
mondc  by  Desoelien  of  1546;  3.  The  Mappemonde  by  DescelicTS  of  1550. 
With  Notes  by  C.  H.  Coote.    (Privately  Printed.)    4to  and  fol.     1898. 
List  of  MSS.  Pointed  Books  and  Examples  of  Metal  and  Ivory  BindingB.    Two 
Parts.     Svo.     1898. 
Paa,  SoeieUfk  Bortla— Bulletin,  1898,  Nns.  1,  2.    Svo. 
Jiatl  India  Anoeialion — Journal,  Vol.  XXX.  Nos.  14,  15.    8va     189& 
Kditor* — Acmnautical  Jonmal  for  July,  1898.     »to. 
American  Jonmal  of  Sdenoe  for  July-Oct.  1898.    Svo. 
Analyst  for  July-Ot  189S.    Svo. 

Anthony's  Photographic  Bulleiin  for  July-Oct  1898.    Sra 
Astrophysiral  Jonmal  for  June,  Ang.  Oct.  1898.    8n>. 
Ateneo  Veneto,  Anno  XX.  Vol.  I.  Pasc  2,  3;  Vol.  II.  Fsw-.  1-3 ;  Vol.  XXL 

Faeo.  I,  2.     8vo.     1897-98. 
Athcncum  for  Jnly-Oot.  1898.     4lo. 
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Eililon—ixint  im\  nl . 

Author  for  July-Oct.  189H. 

BimetaUiAt  for'july-Oot.  1898. 

Brewers'  Journftl  for  July-Oct.  1808.    8vo. 

Chemical  New«  for  July-Oot  1898.    4to. 
I  Chcmut  and  Druggist  fur  July-Oct  1898. 

Education  for  Jiily-Ocl.  1898.     8to. 

Electrical  Engineer  for  July-Oct.  1898.     fol. 

Electriritl  Eni^ineoring  for  July-Oet.  1898. 

Electric^il  BeTiew  for  Jaly-Oot  1898.    8vo. 

Engineer  for  July-Oct.  1*<98.    fol. 
t  EoginecTing  for  JaJy-Oct.  1898.     fol. 
f  Homoeopathic  Beviow  for  July-Oct.  1898. 

Ilnrologicul  Journal  for  July-Oot.  1898.     Svo. 

Itidiiiftries  iiiifl  Iron  for  July-Oct.  1898.     fol. 

Invtntion  for  July-Oct.  1898.    8vo. 

Joumnl  of  Physical  ChemiBtry  for  Oct.  1898. 

Joiimdl  of  State  Medicine  for  July-Oot.  1898. 

Law  Joumiil  for  July-Oct.  1898.    8vo. 

Mkchincry  M&rk«t  for  July-Oct.  1898.    8vo. 

Natnie  for  July-Oct.  1898.    4  to. 

New  Church  Magazine  for  Jaly-Oot.  1898, 

Nuovo  Ciuii'Dto  for  Juno,  1898.    8vo. 

Physical  Review  for  July- Aug.  1898.     8vo. 

Public  Health  Engineer  for  July-Oct.  189a 

Boi«noe  Abstncts,  Vol.  I.  Parts  7.  8.    Sva 

Beieiioe  SifUoga  for  Aug.  1898.    8vo. 

TeRMtriol  Magnotism  for  June,  1898.     8vo. 

Travel  for  July-Oot  1898.     8vo. 

Tropical  AgricuUuriiit  for  July-OcL  1898. 

Zo.iphiligt  for  July-Ocl.  1898.     4to. 
EltHrical  Engineen,  Irurtitution  of — Journal,  Vol,  XXVII.  No,  136. 

List  of  OfBcers  and  MeiuberB.     8vo.     1898. 
Emigrant*'  Informatum  Office— CircviUn  on  Oftoada,  the  Augtrolaaian  and  South 

African  Colonies,  July-Oct.  1898.    8to. 
Flortn<-e,  lUI'liotera  Naiionnle  C'en/rai#— BoUetino,  Nob.  SOO-308.     8vo.     1898. 
Florenct,  lieaU  Accidentia  dei  GtorgoJUi—AUi,  Vol.  XX,  Diau.  S,  4;  Vol.  XXL 

Di«p.  1, 2.    8vo.     1897-98. 
Franklin  7n«<i(ul<)— Journal  for  July-Oot.  1898.     8vo. 

Garrard,  J.  J.  E»q.  (tite  Cammittioner) — Report  on  the  Micing  Industry  of  Zulu- 
land  for  1897.     fol.     1898. 
Cdigraphieal  Society.  Boyal — Geographical  Jonrnal  for  Jnly-Oct  1898.    8vo. 

Antarctic  Exploration :    A  plua  for  a  Nuttoual   Expedition.     By  Bir  C.  R. 
Markham.     8vo.     1898. 

IliBtorical  Atlas  of  the  Chinese  Empire.     By  E.  L.  Oxenhnm.    2Dd  editioD. 
4to.     1898. 

rLVotes  on  the  Kuril  Islands.    By  H.  J.  Snow.    8vo.    1897. 
nnpplemeut  to  the  Bibliography  of  Algeria,  1895.     By  Lieut.-Col.  B.  L.  T\mj- 
■      fair.    8vo.     1898. 
The  ramire  and  the  Source  of  the  Oxua.    By  Rt  Hon.  6.  N.  Canon.    8to. 
1898. 
O^elogical  &)<>is<i/— Quarterly  Journal,  No.  21.'^.    8vo.     1898, 
OUstgow,  Pkilotophleal  iSbo/e<y— I'loceedings,  Vol.  XXIX.     8vo.     1808. 
Uarum,    SotUle    HoUandaiit    de*    Scienoet — Archives   Neerlandaises,  Bcr. 
Tomell.  Hvr.  1.    8vo.    1898. 
Bnrtieultural  Soeittf/,  ifoyal— Jonrnal,  Vol.  XXI.  Part  2 ;  Vol.  XXU.  Paris  1,  2. 

8vo.     lS<t7-9H. 
Uoxoard  Aiuoriation — Report,  Ootober  1888.     8vo. 
/Uim)i(,9<afeLa{iora<«rvo/Arafura/i/ftrory— Bulletin,  Vol  V.Noa.  4. 5.  8ro.  1898. 


8vo. 
8ro, 


8vo. 


8vo. 
1898. 


8to. 


8vQ.    1898. 


IL 


mi 
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b»erkU  ZttitmU— Imperii  IiMlitate  JoonuJ  for  Jnly-Oet  1838. 

bnperwl  laatitste  Tew  Book.  1894 :  and  Sapplenient.  1895. 
tnm  aad  SUd  ImtMmU    Jomaal,  1898,  No.  I.     6to. 


Sva 


Jokmt  BofHm  Umitmrntm    Aierieaa  Cbemioal  Joarnal  for  JuIr-OoL  189ft. 
Aacvteui  Joarsal  of  PhOolog^,  Vol.  XIX.  N(X  2. 


9n. 


9wo,     |8»ft. 
Vakonrity  Curalus.  No.  IS&    4to.     ISdS. 
rafvenitT  StndiM,  14th  SeriM,  \aa.  8-10 ;  15th  Seijn,  No*.  3-12 :  16th  Swici, 
Noa.  1-^    ftvn.     I«96-9g. 
Jordan,  /mm*  £.  £*j.  — Raiavd  G«oksi«»l  Model  of  Lcodon  and  Saborfaa    Bj 

J.  B.  Jordan. 
Lt  Crtfm,  ArlXmr,  £>9.  ((ke  JaOor)— A  Hospital  Bbeam  Ship  for  Wieelced  Fuha>- 

MA    »vo.     1898. 
£mIi  nOMopUaol  aad  Ulcrary  Saafaty    Saiauty-dghth  Aaonal  B«poit    Bra 

IfaaMa  gbttoy- JoBn»l.  No*.  171.  M2. 233.    Sm     1H98. 
TnBwartfana;  Zoology.  Vol.  VIL  Part  4.-  Botaajr.  Vol.  Y.  Futa  7, 8.    4ti>. 

1897-98. 
Loadoa  Qmmtf  Covmnl  Tadtnieal  Edmeattom  Beard— JjoodoD.  Techniod  Edm- 

tioQ  GAzettff  for  JulT-Oct.  1898.    Sta, 
JfiKCJrin,  Fran*.  £»ff.  F.R^.  MJt.I.  (IA«  JatW)— Spectia  of  goatheni  Stan, 

with  Ubloi  and  plates.     4to.     1899. 
Comparative  Pbotogmpliic  8p«ctra  of  Slats  to  the  SJ  magnitade.  (Fhil.  Tiasi.) 

4tn.     1898. 
Uadroi  GociMmit  Ifateaia— Bolletin,  Vol.  tL  No.  2.  Anthropology.    Stol    1898. 

AdminiatiatiTe  Bcport  for  1897-96.    (oL 
UamchtaUr  Geoiogioal  &eMa— Traiuaclian^  Vol  XXV.  Paxia    17-21.      Sra 

1888. 
Mtmthmtrr    Literary   and   PhUotopkiinl   Soeieifi — Memoirs   and    Prooeediosii 

VoL  XLIL  Parte  S.  4.    Sto.     1897  9* 
Manehtdtr  Mmmmm,  (Jhteem  OAlege— The  Nomendatufe  of  the  SMuna  of  the 

Lancashire  Luwor  OosI  Measares.    8ra     1898. 
Report  for  1897-98.    8vo. 
Mam»\^mih  /afNtafo  o/  TMAaofesf— Teehaidogy  Qaarierlr.  VoL  X[.  Na  2. 

VfUb    189S. 
JVoakwrinsI  Ja^AMer*.  ImtiUntiim  of—'Pnoo&im^  189R,  Koa  1,  S. 
MfUorologieal  Society,  /ZoycO— MeteocolofposJ  Baoord,  No.  eg.    8ro.    1896. 

Qnarterty  Jooraal,  Xa  107.    8to.    1898. 
Mttropolitan  Atylumg  Board — Report  for  1897.    8vo.    1898. 
Mtxieo,  SoeUdad  Cienlifiea  '•Aniimio  JUMOts" — Memorias  j  Bariatsa,  Tomo  XI. 

Noa  1-&    8va    1897-98. 
JfieroMopMoI/iMialy,  Jteyol— Joonul,  189S,Parts4.5.    8to. 
JfMaM.  Bofol  Bamtriam  Aeadtmf  o/  Ssmmm— Sitsongsberichte,  1898,  Bed  2. 

StOl     1898. 
JfuMooi  JtMcuitioa— PnxieedingB,  Twenty-fonrth  Session,  1897-98.    8to.     1896. 
Savy  Ltagm^—Vtivy  League  Journal  for  JaI;-Oci  1898.     4to. 

Minntee  of  Proceedings  at  the  Xavy  League  Conference  to  consider  the  pod- 

tioo  of  this  oooDtrj  if  inrolred  in  war.    Sva     189& 
A'ew  Jerty,  Geologieal  Atrtsf  </— B«lief  Map  of  New  Jersey,  189€.    foL 

Anonal  Report  of  State  Geologist  for  1897.    8vo.    1898. 
Am  Tork  Aeademy  oj  &i'ea«««— AnnaU,  VoL  XL  Port  1.    Sva    1898. 

Transactions,  Vol.  XVI.    8to.     1898. 
iVor/of^andJVoniriMiVatiiraluif'Sueirty— Trannctiont^Vol.VI.  Part4.  Svn,  ISW. 
'Sokh  of  England  ImtitvU  of  Mining  and  Methanical  Engineer* — TraD»ictiaa% 

Vol.  XLVU.  Part*  4,  5.    8vo.     1898. 
Numitmatic  SD««<y— Ctironjcle  and  Jourual,  1898,  Part*  2,  3.     8»o. 
OdntUologieal  Soeitty  of  Great  Bn'ta  in— Transactions,  Vol.  XXX.  Xo.  8.    8«» 

1898. 
PaUftine  Explorati-m  FWad— Excavations  at  Jerusalem,  1894-07.   By  F.  J.  Bliaa 

8to.     1*^98. 
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Pnrvi.  Soeiile  Franfai*e  de  I'hiftique—Se&uoci,  1897,  Fasc.  4.    8vo. 

Bulletin.  Nm.  119,  120.     8vo.     1898. 
ral4<n<0/ricw— Oatalogae  of  tbeLibruryuf  the  Patent  Offioo.  Vol.  L  Authora.   4  to. 

1898. 
Pharmaemlieal  Society  of  Great  Brilnin — Journal  for  July-Oet.  1898.     Svo. 
Pkiladetphia,  Aeademif  of  Natural  Seimce$—PTOceediDga,  1898,  Part  1.    8vo. 
Photographic  Society  of  Great  Britain,  Iloj/al — Tbc   PLotographio  Journal    for 

June-Oot.  1898.    8vo. 
Phytical  Society  of  Lonrfon— Proceedings,  Vol.  XVI.  Nos,  1,  2.    8vo.     1898. 

List  of  Kl'Uow,'.     Svd.     1S98. 
Pitt-Riwri.  Lifut.-Gen.  D.C.L.  F.Ii.S.  F.S.A.  M.R  I.  {the  vl u^iw)— ExcavalioDB 

in  Craiibome  Chftae,  Vol   IV.     (Printed  Privately.)    4to.     18118. 
Prine*.  C.  L.  Etq.  F.R.A.S.  (the  Aulhnr) — Observations  upon  tiie  Topography  and 

Climate  of  Crovfboroagb  Hill.     2iiJ  cdilion.     8vo.     18S)8. 
QuekeU  Mieroaeopieal  C/ufc-Joarnal,  Seriia  II.  Ko«.  39-42.    8ro.     189C-98. 
Rio  da  Janeiro,  Mvteo  iVucimia/ — Roviata,  Vol.  I.    4ta     1896. 
Rio  de  Janeiro,  Obtervalorio—Anniinrio  for  1898.     8vo.     1897. 
Rothechf'uari,  La  Socirlv  lei  Ami*  de*  Scietieet  et  Art* — Bulletin,  Tome  VIII. 

No9.  1,  2.     8to.     185)8. 
Rome,  Uinittry  of  Public  WorJa— Oiomale  del  Gcnio  Civile,  1888,  Fuac.  5.    Svo. 

1898. 
Bayttl  ColUge  of  .^Mr^cont— Calenrlar,  1898.    8to. 

Royal  Irith  Academy— Proceedinpa,  3rd  Serios,  Vol.  IV.  No.  5.     Svo.     1898, 
Royal  Societiei  CVub— "The  Koyal  Sooietioa  CInb":  Foundation, Objects,  Rules, 

Dye-Laws,  List  of  Members.    Svo.     1897. 
Royal  Society  of  Edinburgh— Tnnii&ctioTiii,  V.il.  XXXVIIL  Part  3.    4}o.     1890. 
Royal  Society  of  f./>ndon— PhiloHophicul  Trnnsnctions,  Vol.  CXCl,  A,  Noe.  220-225 ; 

Vol.  OXCI.  B,  Noa.  158,  159.     4to.     1898. 
ProoeGdings,  Noa.  899-403.    8vo.    1898. 
Royal  Society  of  S'ew  South  TFoZes— Journal  and  Proceedings,  Vol.  XXXI,    8vn. 

1898. 
SL  Bartholomeic'B  ffocpiHn/— R<>ports.  Vol.  XXXHI.    8to.     1898. 
St.  Ptleriburg,  CAcademie  Impfriale  de*  Science* — Bulletin,  V*  S^rie,  Tomo  VI L 

Voa.  2-5 :  Tome  VIII.  Nos.  1-4.    Svo.     1897-98. 
ll<lI^oire^  Tome  VL  Nna  4.  0-8,  10.    4to.     1898. 
SMUary  7im(»/u/«— Jaaraal.  Vol.  XIX.  Part  2.    Svo.     1898. 
&ljron  Society  of  Science*,  Rnyal — 
Philoloijitch- Hiitoriiohe  ('lnue — 

AbbsndlQDKen,  Band  XVIL  No.  2.    8vo.    1898. 

Beiicble,  1898,  Nos.  2,  3.     8vo. 
Mathtauititeh-  Phyti»eh«  Cla*»e — 

AbhniidluiiRen,  Band  XXIV.  Noa.  4,  5.     8»o.     1898. 

Biriohte,  J81l«,  Nos.  1^.    8vo. 
Saotti*h  lieJeorological  Soot>/y— Journal,  Third  Series,  Nos.  13,  14.     Svo.     1898. 
MlftonM  8oci:ly—Satme  Notes  for  July-Oct.  1898.     8vo. 
B»lWuonian  IntliluUon — A  Cataluguo  ol  Scieutiflc  nud  Terbnical  PeriudiodlB, 

1665-1B9S.    By  U.  C.  Boltmi.     2nd  editloQ.    8to.    1897.     (Smilb.  Miat. 

Coll.  1096.) 
Report  of  U.S.  National  Muiwsum  for  1895.    8vo.     1897. 
Soeirty  o/i4rf«— Journal  for  Jiity-Oct.  1898.     Svo, 
Stntiitiral  Society,  ifcja/— Journal,  Vol.  L.\I.  Parts  2.  3.     8to.     1898. 
SittdiMkAeademyofScien/^.  Royal— Bihang.UaBd  Will  Uettl-i.  8vo.  189% 

Ofverdgt,  Band  LIV.    Svo.     1898. 
Taechini,  Prof.  /'.  Him.Mrm.R.l.  (the.  j4K<Aor>— Momorio  delln  Sucict'a  degli  8pet- 

troscoplsti  Itiliani.  Vol.  XXVH.  Disp.  5-8.     4to.     1W»8. 
TouUnue,  SociAtf  Archeolngiqiu  du  Midi  de  ^  /Vanoe— Bulk-tin,  Berit-a  in  8to, 

No.  21.    Svo.     1898. 
Titer.  Andrew  W,  Efij.  (Jthe  Aulitor) — Bartolozzi  aud  his  Works,    2nd  edition. 

Svo.     188l>. 
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United  Seniee  lutUhititm,  Bopai—ioun 

United  Statm  Dtpartmemt  i^  AgrUnOtaxt 

53.    8TO.    1898. 

Experiment  SUtimi  Beooid,  VoL  IX. 

DiTiaioa  of  Chemutry,  Boltetiii,  Na  \ 

Biologieal  Surrey,  Balletina,  Moa.  1-] 

Uwa»d  Stata  Departmtmi  of  the  Inter 

Ekveoth  Genfloa,  1890,  Put  3.    it 

Bepoft  on  Viul  and  Soeial  Statwtk 

1896. 
Beport  on  Population,  Part  2.    4to. 
StetistiMi  Atlu  of  the  United  Stat 
Genraik    fol.    1898. 
rHtfod  Slatei  Geologieal  Survey— Geolc 

2e-37.    foL     1896-97. 

United  8tate$  Patent  Office— Of&citi  Gi 

LXXXJV.  Noi  1-13:  Vol.  LXX3 

ITpaal,  Bof/al  Scdetf  of  Seienee* — Nora 

Verein  tur  Be/Brdermng  det  Oewerbfiei 

Heft6-&    4to. 

Venttm-Hareamrt,  L.  F.  Eeq.  MJntLC.E 

teiiatio  pwticnlan  abont  a  lldal  B 

Fietoria  Jiufthife— Joornal,  Nob.  119, 1! 

Vienna,  Imperial  Oeological  IntiittUe — ^' 

Jahrbocfa,  Band  XLYII.  Heft  3,  4 ;  ] 

Vineent,  .Benjamin,  Eta.  Eon.IAb.Roy.I\ 

ofDatea.    22i)d  edition.    8to.    18! 

Yale  Vnivenity  Obfeira/ory— Report,  li 

Zcologieal  Soeietyof  London — Piooeedit 

Tranaactiona,  Vol.  XTV.  Part  7.    4to 

ZSrieh,  Natmtfonekende  OeuHedtafl — '' 

1898. 
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I  GENERAL   MONTHLY   MEETING, 

Moiiilay,  December  5,  1898. 
8iB  Jahes  Cbiouton-Bhowke,  M.D.  LL.D.  F.RS.  Trcaaurer  and 
Vice-Prcsidontj  in  the  Chair. 
wen 


I 


I 


Herbert  William  Allingham,  Esq.,  F.R.CA 

T,  Newbold  Piddocke,  Esq. 

Edward  Prcedy,  Esq. 

VVilliara  Munro  Tapp,  Esq.  LL.D. 

The  Hon.  William  Frederick  Cuthbert  Vernon, 

MrB.  Adcln  Wcitzlar, 

Charles  Theodore  William^  M.A.  M.D.  F.R.C.P. 

were  elected  MemberB  of  the  Royal  InBtitutiot. 


The  Special  Thanka  of  the  Members  were  returned  to  Dr.  Georgo 
Wyld  for  hie  present  of  a  Portrait  of  Dr.  Thomas  Gamctt,  tho  firat 
Professor  in  the  Royal  Lastitution. 

The  PKKBRitrB  received  since  the  lost  Meeting  wore  laid  on  the 
table,  and  the  thanka  of  the  Members  rctamed  for  the  same,  viz. ; — 

FBOX 

Aeeadtmia  dei  lAneei,  Reah,  Roma — CInaeo  di  Soienie  Fiaiohe,  MslemBtiche  • 

NstoxHli.    Atti,  Berio  Quint  n :  Bendiconti    2'>  Boroeatre,  VoL  VU.  Fmc  8, 9. 

8to.    1898. 
American  Geoyraphieal  So«Wy— Bulletin,  Vol.  XXX.  No.  4.     8vo.     1898. 
A§ialic  Soeifty  oj  Bengal— J  carnal.  Vol.  LXVU.  Part  1,  Kob.  2,  3;  Psrt  2,  New. 

1,2;  Part  3.  No.  I. 
Proc<><Hlin^,  1898,  Noa.  5-8.     8to. 
Autlralian  Mtueum,  SijdHey—RonoTt  of  Tnuteea  for  1897.    fol.     1897. 
Bankert,  ItutituU  o/— Journal,  Vol.  XIX.  Part  8.     8vo.     1898. 
Baih/orih,  Tkf  Rev.  Franei$,  B-D.—RepWca  di  Krupp  all  Prote<ta  del  Signor 

iteshrnrth.     Tmnalated,  with  Notes.     8vo.     1898. 
BMlon  PulJk  Library— Monthly  Bulletin,  Vol.  III.  No.  II.     8to.     1898. 
British  ArehiUcU,  Royal  hutitute  o/— Journal,  3rd  SericB,  Vol.  VI.  No«.  1,  2.    4U» 

1898. 
Brittih  Attronomifxd  XMoriotion— Journal,  VoL  IX.  Na  I.    8vo.     1898. 
CawMdge  PhiUmnAioal  Society— Tnumctioaa,  Vol.  XVU.  Part  1,     'Ito.     18U8. 

PneeedintfrH,  Vol.  IX.  Pitrt  9.    8to.    1898. 
Cbiii«fa  Club— Joumai  for  Nov.  1898.    8vo. 
Canada,  Royal  Society  o/— Proceeding!  and  Trunaactions,  2nd  Beriea,  Vol.  III. 

8vo.     1897. 
Chttnieal  Society— Joanal  for  Nov.  1898.    8vo. 

Procoedingi,  Noa.  198,  199.    8vo.     1897. 
Ckieago,  FiM  Columinan  Mtaeum — Bulletins:  Anthropological  Beriea,  Vol.  II. 

No.  3.     8to.     1898. 
CivH  Eiufineert,  JnttittUifm  t>/ — Minotca  of  Proceedings,  Vol.  CXXXIV      8vo. 

1898. 
Oinitai  Soeitly  of  /.nnrkm— Tranaarlione.  Vol.  XXXI.     8vo.     1898. 
rVncofie,  V AeaAimit  de*  Science* — Bulk-tin  International,  1898,  No.  8.     8ro. 
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DemmMre  AnoeiaUem—'Bepoii  and  Tmukctiona,  VoL  XXX.     Sva     1898. 
Edittn — AmerioMi  Jooraal  of  Sdenoe  for  Nut.  1898.    Sva 

Aiwlyat  for  Nor.  1898.    Sra 

Antbony'*  Photographic  BoUetin  for  Not.  1898.    8to. 

Atbenjenm  for  Not.  1898.    4ta 

Anthor  for  Not.  1898.    Sto. 

AeroMntieal  Joomal  tat  Oct  1898.    8to. 

BimeUllirt  for  Not.  18981    8to. 

Breweia'  Journal  for  Not.  1898.    8to. 

Chemical  News  for  Not.  1898.    AXo. 

ChemLit  and  Dmggirt  for  Not.  1898.    8to. 

Edncatioa  for  Not.  1898. 

Electrical  Engineer  for  Not.  1898.    foL 

Electrical  Engineering  tor  Not.  1898.    8to. 

Electrical  BeTiev  fw  Not.  189&    8to. 

Electricity  for  Not.  1898.    8Ta 

Engineer  for  Not.  1898.    ful. 

Engineering  for  Not.  1898.    fol. 

HoBMBopathie  BeTiew  for  NeT.  1898.    8to. 

Hocologica]  Journal  for  Not.  1898.    8Ta 

Indoatries  and  Iroo  for  Not.  1898.    fol. 

loTention  for  Not.  1898. 

Joomal  of  State  Medieind  for  Not.  1898.    8to. 

Law  Joomal  for  Not.  1898.    8Ta 

Lightning  for  Not.  189a    8ro. 

Machinery  Market  for  Not.  1898.    8to. 

Natore  for  Not.  1898.    4toL 

New  Chorch  Magazine  for  Not.  1898.    8to. 

NooTO  Cimento  for  Aag.  1898.    8to. 

Photographic  Newt  for  Not.  1898.    8to. 

PhTsical  Beview  for  Sept-Oct  1898.    Sto. 

Public  Health  Engineer  for  Not.  1898.    8to. 

Science  Abetracts,  Vol.  L  Part  11.    8to.     1898. 

Science  Siftings  for  Not.  1898. 

TerrestriHl  Magnetism  for  Sept.  1898.    6to. 

TruTel  for  Not.  1898.     8to. 

Tropical  Agriculturiet  for  Not.  1898. 

Zoophilist  tor  Not.  1898.    4to. 
Florence,  BMioUea  Nazionale  On/raZe— Bollettino,  No.  310.    8to.     1898. 
Franklin  ImHtute—JoamaX  for  Not.  1898.     8to. 

Geograpkieal  Society,  Royal — Geographical  Journal  for  Nov.  1898.    Pvo. 
Gedogxcal  Soriefy— Quarterly  Journal,  No.  216.     8to.     1898. 
Gill,  L.  Upntt,  Eiq.(Jthe  PuWwA^r)— The  Naturalist)'  Directory  for  189S. 
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WEEKLY  EVENING  MEETING. 
Friday,  February  26.  1898. 

Sn  FaiDEUCK  Abel,  Bart.  K.C.B.  D.C.L.  LL.D.  F.R.S. 
Vice-president,  in  the  Chair. 

Captain  Abmst,  C.B.  D.CX.  FJLS.  M.B.L 

The  Theory  oj  Ctlour  Virion  applied  to  Modern  Colour  Photograpkif. 

Tbi  subject  of  my  address  this  evening  is  a  very  large  one,  and 
TToold  oocapy  more  time  than  the  hour  allotted  to  me,  if  I  enterad 
fully  into  every  part  of  it  All  I  can  hope  to  do  ib  to  put  btjfore  yon 
the  main  sdeutifio  reasoning  which  has  led  to  the  snocess  at  preset 
attained  in  colour  photography,  by  a  combination  of  ooloors,  and 
by  the  absorption  of  colouring  matter. 

On  the  screen  we  have  the  speotrom  of  the  electric  light,  and  » 
very  bcaatifnl  object  it  is.  Bat  it  ia  not  to  its  beauty  that  I  wish  to 
call  your  attention,  but  to  the  varying  brightness  of  its  differeut 
parts,  and  further,  to  the  fact  that  in  it  we  have  strictly  pure  colours, 
that  ia  a  series  of  simple  oolonrs,  and  not  mixed  colours  such  aa  «re 
may  find  in  nature.  Now  if  we  can  roprodaoe  fairly  well  by  means 
of  photography  this  grand  multi-oolonred  band,  both  as  regards 
colour  and  also  brightness  (that  is  luminosity),  we  may  say  that  w« 
have  succeeded  in  doing  what  is  required,  and  that  all  hues  in  nature, 
with  their  varying  shades  and  brightness,  can  bo  equally  well  repro- 
duced. The  exponent  of  colour  photography  is  bound  to  go  tu  the 
spectrum  for  his  information,  and  this  I  must  do  to-night  On  the 
wall  is  a  diagram  of  the  spectrum  in  the  Bha[)e  of  a  curve,  which 
shows  the  luminosity  of  every  individual  part.  If  we  oonld  abolish 
colour  from  our  minds,  and  merely  look  npon  the  spectrum  as  a 
manochromatic  band  having  waves  of  different  oscillation  frequency, 
we  should  have  this  same  curve,  and  our  eyes  would  be  like  a  photo- 
graphic plate,  which  knows  no  colour  qui  colour.  All  that  the  plate 
knows  is  that  a  certain  wave  length,  having  a  certain  amplitude,  will 
BO  affect  its  sensitive  surface  that  a  certain  opacity  of  deposit  will 
be  attained  on  applying  the  devclojier  to  it  If  two  or  more  ooloure 
are  mize<l,  each  of  the  wave  lengths  will  play  its  own  part,  and  an 
opacity  will  bo  produced  representing  the  sum  of  the  separate  effects. 
A  little  reflection  will  show  that  whatever  photographs  wo  may  obtain 
we  must  use  outside  coloured  light  to  illuminate  thoni  if  a  cuionred 
object  is  to  bo  reproduced.     Wo  have  to  consider  what  are  the  fewest 
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colours  that  wo  can  oso,  for  OTidently  simplicitj  ia  a  great  doaidera- 
tam,  and  the  namber  agreed  upon  mast  aettle  the  Bumber  of  eopftrato 
photographs  required. 

This  brings  ua  to  the  question  of  how  wo  see  colour,  and  how 
many  senB&tiona  of  colour  we  have.  I  am  not  going  into  the  de- 
batablo  ground  of  rival  oolour-viaion  theories,  bat  I  am  going  to 
mlt)pt  for  to-night  that  one  which  will  answer  evory  practical  purpose, 
and  that  is  the  Young  theory,  in  which  it  is  held,  and  held  oorrectly, 
that  a  red,  a  green,  and  a  blao  soosation  are  alono  neodfol  to  prodnco 
the  sensation  of  any  other  huo  by  admixture  one  with  another.  The 
fundamental  colour  B&nsations  are  not  necessarily  identical  with 
any  particular  colour,  but  as  a  matter  of  fact,  at  all  events  one  of 
these  sensations  is  to  be  found  excited  singly  in  the  spectrum, 
viz.  that  which  is  excited  by  the  extreme  red.  The  extreme  violet 
seems  to  bo  a  compound  of  two  sensations,  ono  a  deep  blue  and  tho 
other  re<l,  so  that  the  pure  blue  and  also  tho  green  sensations  can 
never  bo  singly  stimulated  in  the  normal  eye.  Tho  diagram  shows 
these  sensations  as  curves  reproscnting  the  stimulations  by  tho 
Bpectrum  colours  of  the  seeing  apparatus  in  tho  rotina  (Fig.  1).  Tho 
scales  on  each  curve  are  so  adapted  that  when  the  ordinates  of  tho 
sensation  curves  aro  equal  wo  got  white.  To  get  a  yellow,  the  red 
sensations  and  green  sensatiouB  are  equally  stimulated,  for  there  the 
enrvee  cnt.  It  wilt  bo  booq  that  the  purest  green  sensation  is  largely 
mixed  with  white,  for  at  one  point,  where  the  red  and  blue  curves 
cat,  tho  green  curve  is  eIkivc  them.     At  that  point,  then,  the  rod  and 
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blue,  and  a  certain  portion  of  green,  go  to  form  white,  and  the  holonre 
is  green,  so  here  the  pure  green  sensation  is  diluted  with  white.  At 
any  other  point  it  is  mixed  with  some  other  sensation,  either  red  or 

tblae,  and  also  np  to  certain  points  with  white.  Of  course,  if  wo 
conld  get  three  colours  which  only  stimulated  respectively  tho  three 
fundamental  sonsatinns,  we  should  take  three  appropriate  photo- 
graphs of  tho  spectrum  and  illumiuato  them  with  those  throe  colours. 
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Bat  the  unount  of  whito  which  is  in  the  purest  green  eeuMtia 
readers  it  dosiiable  to  choose  a  green  which  has  less  white  inbe 
in  it,  to  prevent  the  mixture  being  pale. 

In  1861,  Clerk  Maxwell  gave  a  lecture  in  this  theatre,  in  whifl 
the  method  of  prodncing  photographs  in  the  colours  of  uatore  iM 
means  of  illuminating  three  photographic  pictures,  and  combinia 
the  images  together,  was  foreshadowed,  and  it  is  to  this,  and  to  m 
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original  work  on  the  mixture  of  colours,  that  wo  must  turn, 
means  of  what  he  called  his  colour-box,  he  could  mix  any  th 
colours  of  the  spectrimi  together,  and,  for  reasons  which  appea: 
adequate  at  the  time,  he  took  a  bright  red,  a  bright  green,  and 
bright  blue  of  the  spectrum  as  best  ropreEeuting  the  sensations, 
referred  all  other  colours  of  the  spectrum  to  these,  and  exp: 
tbem  as  mixtures  of  the  three.  The  diagram  that  he  made  h  gixi 
(Fig.  2).  The  heights  of  the  different  curves  he  obtained 
measuring  the  width  of  the  three  slits  through  which  any  thn 
chosen  colours  came,  and  making  such  widths  the  ordinates. 
standard  red  ho  chose  was  a  red  containing  a  little  green; 
Ktandard  green  near  E  is  nearly  free  from  white,  but  a  glance 
the  diagram  (Fig.  1)  will  dhow  it  is  mixed  with  a  certain  amount  (4 
red  ;  Maxwell's  blue  contained  a  certain  quantity  of  green.  This  i^ 
merely  history,  but  it  may  be  remarked  that  where  we  aro  dealiii|| 
with  colours,  and  not  sensations,  the  colours  ho  chose  are  probahl] 
nearly  the  best  for  the  purpose  we  have  in  view.  I  have  reduced  thi 
Maxwell  curves  so  as  to  represent  luminosity  as  well  as  colour,  aaj 
you  will  see  that  they  all  fit  into  the  spectrum  curve,  and  that  tbi 
great  mass  of  brightness  is  due  to  the  green  and  red.  Of  blue  thf^n 
is  but  very  little.     These  curves  should  be  kept  well  in  your  mind. 

Wo  need  not  trouble  you  much  about  colour  mixtures.    I  ba»< 
au   apparatus  here  which   allows  us  to  mix   any  colours   tngethel 


mmtk 


Kia  3. 


Whll».       V'IoIfC        BIu«.      I'cucocfc    C'liroiniunj     CIniigc.    KtU. 
•Jncn.         rirccD. 


Kltt     ». 


mw 


Hetl  Image.  Green  Image-  1*1  ik-  Imugc. 


^g^^ 


Flo.  5. 


I.i      U 


U  II 


Fio.  6. 


U     h 


U 


1898.] 


on  the  Theory  of  Colour  Vi$ion,  dc. 


806 


• 


In  the  BToan  Bpfictmm  we  can  place  three  Blits  and  make  a  patch  of 
white  light.  By  altering  the  width  of  one  or  two  of  the  slits  we  can 
form  colours  of  any  hue.  [  White  vxu  here  matched,  and  three  other 
colours  made,  and  again  uhile.^  Instead  of  light  being  diminished 
by  alteration  of  the  width  of  the  slit,  we  can  cnt  oflF  varying  quantities 
from  each  ray  and  allow  them  to  impress  the  retina  for  difieront 
timoR,  the  persistence  of  vision  blending  the  impresflions  together. 
In  fact,  by  an  artifice  of  the  kind  I  have  here,  which  oonsists  of  a 
long  baud  of  paper  punctured  along  the  throe  lines  of  the  slits  with 
boles  of  different  sizes,  and  passing  the  strip  in  front  of  the  slits,  we 
can  play  a  regplar  tune  in  colour.     [S^tm.] 

But  we  can  get  these  same  tunes  of  colour,  though  not  quite  so 
pure  (i.e.  unmixed  with  white)  if  we  use  considorable  parts  of  the 
spectrum.  The  slits  are  withdrawn,  and  all  those  parts  of  the 
apecti'um  which  can  come  through  the  boles  are  mixed  together  and 
the  colours  are  reproduced,  but  not  in  quite  such  purity  as  bcforo. 

There  is  another  method  of  altering  the  intensity  of  the  rays,  and 
that  is  by  placing  in  front  of  the  slits  photographic  deposits  of 
different  opacities,  and  you  see  that  wo  have,  as  before,  ditferont 
colours  producetl.  The  diagram  (Fig.  3)  shows  a  print  of  the  de- 
posits employed.  The  three  rows  represent  the  transparencies  of 
white,  viulot,  blue,  peacock  blue,  dark  green,  orange  and  red,  taken 
through  an  orange,  a  green,  and  a  blue  screen  respectively.  The 
three  left-hand  squares  in  the  trauspareucy  covered  the  three  slits, 
and  white  was  formed  on  the  screen.  The  next  three  Rqnarcs  gave  a 
violet,  the  next  three  a  blue,  and  so  on.  This  is  the  foundation  of 
colour  photograpliy.  Having  learnt  that  the  colours  niited  together 
nccil  not  bo  single  rays  of  the  spectmm,  but  may  occupy  adjacent 
p&rte  on  each  side  of  the  single  ray  and  still  produce  approximately 
the  same  results,  wo  can  go  a  step  further,  as  it  showa  that  wc  may 
use  the  light  coming  through  media  such  as  coloured  glasses  instead 
of  pure  speotriim  colours. 

An  interesting  experiment  is  to  imitate  the  spectrum  by  means  of 
a  red,  a  bluo  and  a  green  glass.  A  slit  is  placed  in  the  lantern, 
and  an  image  of  it  thrown  on  the  screen.  Wo  have  a  disc  formed  of 
these  three  glasses,  each  being  shaded  by  an  appropriate  mask,  to 
imitate  the  extent  of  each  sensation  in  the  H{)e(:tnini.  This  diso 
rotates  in  front  of  the  slit.  The  varying  combinations  give  a  large 
range  of  cidour,  and  we  have  a  tolerable  representation  of  the 
apectmm  produced. 

I  think  now  we  are  in  a  p<i8ition  to  realise  what  is  required  in 
order  to  reproduce  by  photography  the  spectrum  with  all  its  colours. 
We  must  got  three  photographic  negatives,  each  one  of  which  will 
take  in  only  so  much  of  the  spectrum  as  is  represented  by  the  colour 
sensations  as  shown  in  the  diagram,  and  secure  that  the  brilliancy  of 
the  light  coming  through  the  transparencies  or  positives  taken  from 
the  negatives  at  each  part  shall  l>e  represented  by  the  heighta  of  the 
curves,  the  maximum  height  in  the  positive  being  represented  in  each 
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by  bu«  glaa.  Behiod  tbe  "  red  "  photograph  we  plaoe  &  ni 
madinm,  mch  ■■  red  glass,  which  oocnpies  bnt  a  sdia]!  part  of  the 
■pectmm  and  is  equivalent  to  tbe  red  seosation,  and  behind  the 
green  photograph  a  green  medium,  also  taking  in  bat  a  small  part  of 
the  spectmm,  and  beLind  the  bine  photograph  a  blue  medium,  and  if 
the  luminonty  of  ike  mixed  ligkl  coming  Uu-ough  the  red,  the  grem, 
and  tke  blme  vieii  nnakadad  by  (^  positive*  fomu  lohite,  we  shall  htts 
ft  repreeetttation  of  tbe  Bpectrom. 

Suppose  that  we  were  going  to  reproduce  the  image  of  the  elec- 
tric light  carbons  by  combining  three  distinct  photographs  together 
backed  hj  proper  media,  and  that  we  wished  to  know  what  each  tran»> 
parencj  would  look  like  when  illumiiukted  with  its  proper  colour,  we 
can  show  this  in  a  fnirly  simple  manner.  Close  in  front  of  the  slit  of 
the  spectroeoope  is  a  lens  of  such  a  focus  that  a  sharp  image  of  the  car- 
bon points  is  thrown  on  the  surface  of  the  prism.  The  prism  analyses 
the  colours,  and  a  lens  in  front  of  the  spectrum  collects  the  coloured  rays 
again  and  gives  as  an  image  on  the  screen  of  the  carbon  points.  Placing 
three  slits  in  the  spectrum,  we  alter  their  width  until  the  image  again 
appears  white  at  the  brightest  part.  We  may  substitute  three  lenses 
of  equal  foci  for  the  single  lens,  and  we  have  three  images  side  by 
side,  which,  as  just  seen  when  combined  together,  will  give  the  whits 
image  of  the  crater  and  tbe  redder  image  of  those  parts  where 
the  heat  is  lees  intense.  We  can  rary  this  experiment.  If  we  place 
against  the  prism  a  small  square  made  up  of  circular  glasses  of  dif- 
ferent colours,  we  have  the  image  of  the  glasses  on  the  screen  when 
the  whole  spectrum  is  used.  With  the  slits  inserted  as  before,  we 
also  get  white  light  and  the  colours  of  the  glasses  (Fig.  4).  The 
three  lenses,  also  placed  before  the  slits,  give  the  separate  images 
such  as  we  wish  to  obtain  by  photographic  means. 

But  how  about  securing  these  photographs  ?  Can  we  find  three 
different  photographic  plates  which  will  be  exactly  sensitive  to  the 
required  parts  of  the  spectrum,  excludiug  all  other  parts? 

It  will  be  seen  that  the  parts  overlap  (see  Fig.  1).  Thus  the 
green  and  red  curves  overlap,  as  do  also  the  green  and  the  blue. 
It  may  at  once  be  stated  that  thore  are  no  such  different  kinds  of 
plates  to  be  found.  But  if  we  can  find  one  plate  which  is  sensitive 
to  the  wholo  spectrum,  we  can,  by  using  absorbing  media,  cutoff'  those 
portions  which  are  required.  Now  the  unlinary  plate,  with  short 
exposure,  is  not  sensitive  much  beyond  the  blue  (see  No.  4,  Fig.  5), 
but  if  we  give  it  a  slightly  long(U'  exposure  it  will  be  found  sensitive 
to  the  groon  and  yellow  as  well,  and,  with  a  still  further  exposure,  to 
the  extreme  red ;  so  that  we  can  use  an  ordinary  plate  for  the  purpose, 
as  it  is  sensitive,  but  in  vastly  different  degrees,  to  the  whole  spectrum, 
but  we  have  to  cut  off  all  the  parts  we  do  not  want. 

In  tbe  spectrum  of  the  light  transmitted  by  an  orange  glass  in  the 
spectrum,  we  see  that  the  red,  yellow  and  greeu  alone  penetrate,  and 
this  is  the  rrgion  of  the  spectrum  that  the  red  sensation  carve  occu- 
pies.    A  bluo-groon  glass  cuts  off  most  of  the  red  and  the  violet,  and 
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this  gives  the  part  occupied  by  the  green  sen£ation  cnrre ;  and  so 
with  the  blue.     Evidently,  then,  by  tising  the  orange,  blue-green  and 
blae  media  for  the  three  photognphB  of  the  apeotnun,  we  ahall  secure 
three  negatives  representing,  with  some  degree  of  exactness,  the  sen- 
BatioQ  curves,  though  the  exposures  given  to  each  one  will  be  verj 
difierent      The  red  will   require  nearly  one  hundred  times  mora 
exposure  than  the  blue,  and  the  green  an  intermediate  exposure.' 
On  the  screen  we  have  the  negatives  obtained,  and  also  the  positives 
(Fig.  6).     No.  1  was  taken  through  the  orange.  No.  2  through  the 
green,  and  No.  3  through  the  blue  screen.     The  superposed  imagec  , 
of  these  three  positives,  if  backed  by  red,  green  and  blue  light,  will ' 
give  us  the  spectrum.     \Xlr.  Ices  Bhoteed  the  projection  on  acreen.] 
The  picture  is  fairly  perfect,  and  exemplifies  what  can  be  done  with 
an  ot'diuary  plate. 

What  1  wish  to  impress  npon  you  is  that  the  screens  used  for  the 
taking  of  the  three  different  negatives  must  each  allow  a  largo  part 
of  the  spectrum  to  pass,  whereas  the  colour  screens  used  to  illuminate 
the  throe  positives,  where  the  images  are  superposed,  will  bo  mors 
efiBcient  the  smallor  the  part  of  the  spectrum  that  is  used,  for  if  largo 
parts  are  used  the  colours  will  be  tinged  with  white.  This  is  a 
moat  important  point  in  three-colour  photography. 

We  have  modifications  of  plates  which  allow  shorter  exposnreaj 
to  bo  given  to  the  green  and  the  red.     Cadett's  spectriuu  plate  (s( 
Na  1,  Fig.  5),  for  instance,  can  be  utilised  for  giving  equal  exposures  1 
through  a  blue,  a  green  and  a  red  medium,  when  the  white  light  is 
first  toned  down  to  a  pale  yellow,  which,  however,  still  contains  all 
the  colours  of  the  spectrum. 

Then  there  are  others,  such  as  Lomiere's  (see  Nos.  2  and  3, 
Fig.  6),  which  aro  sensitive  to  the  green  and  yellow  and  red,  as  well 
as  to  the  blue,  but  which  exhibit  gapa  in  seusitiveness  in  the  length 
of  the  spectrum.  Thet^  plates  can  be  utilised  for  photographing 
colours  in  nature,  tlioagh  tliey  must  fail  for  photographing  the  spec- 
trum. But  to  atone  for  the  gaps,  the  absorbing  media  used  have  to 
be  modifibd  to  effect  a  comprumise  as  it  were,  Mr.  Ives,  who  is  the 
inventor  of  the  PiiotochromoBcope,  and  who  is  present  this  evening 
to  show  some  of  his  wonderful  results,  has  kindly  lent  me  a  slide 
showing  the  screens  with  which  to  take  the  three  negatives  with 
Lumiere's  pan-cbromatio  plates. 

By  modifying  thu  screens,  any  plate  which  is  sensitive  to  the 
yellow  and  orange  may  be  utilised,  even  though  it  is  not  at  all,  or 
only  very  feebly,  sensitive  to  the  red.  For  be  it  remembered  that  the 
colours  in  nature  are  not  pare  spectrum  colours.  A  red,  for  instance, 
such  as  this  glass,  contains  an  appreciable  amount  of  yellow  in  it, 
and  the  yellow  will  impress  the  plute  sufiSciently  to  answer  the 
purpose  of  obtaining  the  requisite  density  to  represent  the  rod.  Of 
course,  if  there  were  a  red  of  a  spectrum  eimplioity,  it  would  not 
impress  the  plate.  Except  with  the  ordinary  plate  such  as  I  have 
used,  there  has  to  be  a  series  of  compromises.     Again,  it  must  be 
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tlMt  tbe  oe^tivoa  otiHihidl,  bne  to  be  oocverted  into 
pcMitivM ;  aad  farther,  tbirt  Cor  eftettve  vorlniig  all  Uirre  oegmtmB 
nraai,  in  otiiomrj  euciiiiwteiww,  be  obUiued  on  one  plate,  ud  hj 
ooe  hagth  of  expo««reL  Kr.  Ivw  baa  worked  tliia  oat  with  a  woodok 
fol  degree  of  ezaetitade,  and  bb  eameta  eao  be  examixied  in  the 
Library  after  the  leetore  to  abow  tba  maaaer  ia  vbtch  be  baa 
■eooDpUsbed  it.  He  hM  aintcd  *t  getting  »  p«rfectlj  gradnaled 
negatire  with  oadi  ooloor  sereen,  aod  in  tbe  positiTes  from  them  then 
are  abaolateljr  transpareaii  parta,  tiiaa  seonring  the  "«»"""«'"  bril- 
lianej. 

Theae  poaitiTea  are  backed  hj  eoloor  Kzeena  efaoaen  to  imitde 
the  three  ooloan  oeed  by  Clerk  Maxwell  ia  hia  eoloor  miztare  eqoa- 


Now,  baring  explained  tbe  principles  of  the  three-colour  photo- 
graphj,  I  will  get  Mr.  iTee  to  throw  thrve  or  foar  of  his  pictorea  on 
the  Bcreen,  and  I  have  to  thhnk  him  for  hie  ready  acqaieeoenoe  in 
reapooding  to  my  reqoeet  for  his  help  to-night.  It  is  a  pleavote 
to  acknowledge  that  Mr.  Irea  has  been  tbe  pioneer  in  this  colour 
photography,  working  on  exact  prinoiples,  which  he  has  applied  to 
practical  porposes. 

lu  connection  with  the  same  enbject  we  have  the  more  recent 
prooeas  due  to  Professor  Joly,  of  Dnblin.  Instead  of  taking  three 
negatives  and  from  them  three  transparencies,  he  combines  tho  three 
in  one.  To  take  his  negatires  be  obeerresthe  same  general  principle 
a»  that  already  enunciated,  for  he  places  in  contact  with  bis  sensitiTe 
plate  a  screen  consisting  of  a  series  of  orange,  green  and  blue  linea 
ruled  on  white  glass  and  touching  one  aoother ;  each  line  is  j^  of  an 
inch  in  width.  Every  third  line  is  a  cnlnnr  screen  in  orange^  the 
next  line  and  third  from  it  a  green,  aod  the  remaining  ones  Idue. 
To  tone  down  the  excess  of  blue  in  daylight,  the  lens  is  covered  with 
a  pale  yellow  screen.  The  one  negative  is  therefore  a  mixture  of 
three  colour  negatives.  A  transparency  is  taken  in  the  usual  way, 
and  by  placing  in  contact  with  it  a  screen  ruled  in  red,  green  and 
blue,  tbe  red  lines  occupying  the  position  of  the  orange  line  in  the 
taking  screen,  tbe  green  the  green,  and  tbe  blue  the  blue,  we  have  a 
representation  in  colour  of  tbe  original  object  [The  taking  screen, 
tbe  viewing  screen,  and  a  negative  and  a  positive  were  shown,  as  also 
a  selection  of  finitibed  pictures  taken  by  Professor  Joly.] 

Suppose  we  take  one  set  of  Ives'  negatives  and  make  duplicate 
prints  from  them  in  bichromatod  gelatine,  we  should  get,  on  devclop- 
nieut,  transparent  gelatine  of  different  thicknesses.  >«  here  the  light 
had  most  acted  the  film  would  be  tbickest,  and  where  no  light  had 
atited  the  gelatine  would  be  practically  absent,  and  the  intermediate 
intensities  of  light  acting  would  give  intermediate  thicknesses  of 
gelatine.  We  may  dye  one  set  of  gelatine  prints  with  a  transparent 
red,  a  transparent  green  and  a  transparent  blue,  to  imitate  the  viewing 
screens,  and  if  these  were  superposed  we  sbould  find  a  very  different 
rcsnlt  to  thut  obtained  by  triple  projection.     What  ought  to  be  black 
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would  be  white,  and  what  ought  to  he  white  would  be  black,  and  the 
oolourB  shown  would  be  complomoutary.  A  yellow  by  projection  wo 
know  is  cauBotl  by  a  full  miztnro  of  rod  and  green  light,  but  by 
BnporpoeitioD  the  red  would  cut  off  all  the  blae-grecn  light,  and  the 
green  all  the  purplt»  light,  and  the  image  would  be  nondeBcript,  and 
BO  with  other  colours.  If  we  dyed  the  second  set  of  gelatine 
negatiTes  with  the  complementary  colours  a  very  different  state  of 
things  would  bo  found.  Taking  the  yellow,  for  example,  which  in 
the  "  red  '*  and  "  green  "  negatives  would  be  shown  by  groat  opacity 
and  in  the  blue  by  total  transparency,  the  part  of  the  print  in  the 
"  red  "  negative  would  be  represented  by  very  feeble  sea-green,  and 
that  in  the  green  by  very  feeble  purple,  whilst  in  the  blue  negative  it 
would  be  represented  by  full  yellow.  From  the  first  two  the  only 
light  jienctrating  would  bo  the  blno,  and  the  only  colour  reaching 
the  eye  after  passing  through  the  third  gelatine  transparency  would 
be  the  yellow,  and  so  for  other  colours-  Honco,  for  sujKjrposod 
pictures,  either  for  the  lantern  or  for  prints,  the  complementary 
colours  to  those  of  the  viewing  screen  should  be  used.  This  is  the 
foundation  of  most  of  the  three-colour  printing  procflwes  extant. 

We  have  three  such  prints  in  the  three  colours,  lent  me  by  Messrs. 
Waterlow  &  Sons,  and  here  they  are  superposed  to  malte  the  final 
coloured  print.  This  triple  printing  can  be  done  either  by  lithu> 
graphy  or  by  printing  in  colour  from  gelatine  films. 

I  have  endeavoured,  by  a  brief  sketch,  to  show  you  the  principles 
on  which  photograiihy  in  colour  has  been  based — principles  which 
are  truly  scientific— and  which  my  friend,  Mr.  Ives,  has  adopted  in 
all  his  work.  The  riile-of-thunih  mou,  who  works  according  to  hia 
own  sweet  will  is  a  man  to  whom  a  certain  amount  of  success  will 
be  given,  but  it  is  to  him  who  works  on  the  true  principles  of  science 
that  the  highest  success  must  accrue.  I  have  endeavoured  to  show 
you  that  Young's  theory  of  Colour  Vision,  though  a  theory,  is  yet  of 
supreme  use  in  this  particular  branch  of  industry.  1  have  purposely 
omitted  to  mention  many  of  the  glaring  mistakes  \^hieh  have  been 
made  by  the  rulc-of-thumb  man,  both  at  home  aud  abroad,  in  regard 
to  it. 

[W.  DE  W.  A.] 
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Si>  jAKxa  Cuchton-Brownk,  M.D.  LL.D.  F.B.S.  Treasurer  and 
Yioe-PresideQt,  in  the  Cbair. 

W.  H.  M.  OBURn,  Esq.  C.B.  M.A.  F.R.S.  AgtroDooa^  BojiL 

The  Recent  Eclipse. 

AiTKB  the  failnro  throngh  bad  weather,  which  was  the  fate  of  nearly 
all  the  expeditioDB  in  the  eclipse  of  1896,  widely  spread  though  they 
were  from  Norway  through  Siberia  to  Japan,  it  was  felt  that  every 
effort  ghould  be  made  to  occupy  as  many  etatioDS  as  practicable  along 
the  track  of  tbo  recent  eclipse  of  1898,  January  22,  which,  starting 
from  Equatorial  Africa,  croraed  India  and  ended  in  the  Chinese  Empire. 
It  was  at  first  hoped  that  it  would  have  been  poesible  to  send  one  of 
the  obeerring  parties  to  Afnca,  but  it  was  not  found  practicable  to 
establish  stations  in  Somali  Land,  and  thus  the  field  was  narrowed  to 
the  shadow  track  through  Central  India.  Practically  the  choice  of 
stations  was  confined  to  the  neighbourhood  of  the  places  where  the 
Tarious  railway  lines  intersect  the  central  line  of  the  shadow  track, 
and  of  those  the  more  westerly  had  tbo  advantage  of  giving  sb'ghtly 
longer  duration  of  totality.  Fortunatoly  the  weather  chances  were 
unusually  favourable  in  the  recent  eclipse,  the  prospect  of  dear  sky 
at  that  time  of  year  in  Central  India  being  so  great  that  Iklr.  Eliot, 
the  Meteorological  Bepurter  for  India — to  whom  we  are  so  much 
indebted  for  his  collection  of  the  weather  Btatistics — is  said  to  have 
put  the  chances  at  25  to  1  in  favour  of  a  fine  day  for  the  eclipee. 

The  Joint  EcUpso  Comroittee  of  the  Boyal  and  Boyal  Astro- 
nomical Societies  arranged  for  four  parties  of  observers : — 

1.  Sir  Norman  Lookyer,  whose  main  equipment  was  prismatic 
cameras,  at  Yiziadrug. 

2.  Professor  Turner  and  myself  to  take  large  and  small  scale 
photographs  of  the  corona.  Karad  (south  of  Poona)  was  originally 
selected,  but  owing  to  the  outbreak  of  plague  there  the  Bombay 
Government  advised  its  abandonment,  and  Sahdol  (a  station  further 
east  and  with  somewhat  shorter  duration  of  totality),  on  the  railway 
connecting  Eatni  and  Bilsspur,  was  substituted. 

S.  Captain  Hills  and  Mx.  Newall.  Slit  spectromopea  and  photo- 
graphs of  corona  at  Pulgaon. 

4.  Dr.  Copeland  to  take  large  scale  pfaotographfl  of  the  ooroma 
with  a  lens  of  40  feet  focus. 

Besides  these  there  was  a  party  under  the  auspices  of  the  British 
AAtronoBiical  Association  at  Talni,  consisting  of  Mr.  and  Mn. 
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Mftimder,  Mr.  Thwaitee  and  Mr.  Everehed ;  and  the  Vioerof  of  India 
occupied  a  station  in  the  neigbbourhocxl  of  Bitxor,  near  BenareR,  with 
a  Lu*ge  party,  which  included  Mr.  Pope,  nf  the  Indian  CSunrey,  who 
took  photogmpba  of  the  corona.  Mr.  Michie  Smith,  QoTernment 
Astronomer  at  Madras,  and  a  party  of  observers  occopiod  a  station  at 
Sahdol.  There  wore  also  three  parties  of  observers  at  or  near  Jeur, 
to  the  8.E.  of  Poena,  viz.  the  American  astronomers.  Professor  Camp- 
bell and  Mr.  Burckhalter,  taking  large-scale  photographs  of  tha 
corona;  the  Japanese  astronomers,  also  taking  photographs  of  the 
corona ;  and  Professor  Naegamvolo,  of  the  Fooua  College  of  Science, 
with  a  large  party  of  observers. 

Admirable  arrangements  were  made  by  the  Qovemment  of  India, 
special  facilities  were  accorded  by  the  Indian  railway  companies, 
and  valuable  assistance  was  rendered  by  the  Admiralty  to  Bir  Korman 
Lookyer,  H.M.S.  '  Melpomene '  being  detailed  for  his  party. 

I  will  now  pass  on  to  the  consideration  of  the  results  obtained  in 
this  eclipse.     These  may  be  classified  as 

^L  Photographs  of  the  Corona. 
II.  Spectroscopic  Observations. 
III.  Polariscopio  Observations. 
lY.  Photographs  of  Partial  Phase  for  position  of  the  Moon. 
y.  Miflcellanooaa. 
of 
of 
Pre 


I.  Phoioijrapha  of  the  Corona. 


A  special  feature  of  this  eclipse  was  the  number  and  the  variotj 
of  instruments  which  were  utilised  to  obtain  large-scale  photographs 
of  the  corona,  on  a  scale  of  about  4  inches  to  the  sun's  diameter. 
Professor  Campbell,  Dr.  Copeland  and  Mr.  Miohie  Smith  hod  each 
a  telescope  40  feet  in  length,  the  form  of  mounting  this  long  tube 
being  different  in  each  case.  Mr.  Michie  Smith  pointiMl  his  tube  to 
the  pole,  and  reflected  the  snn's  rays  into  it  by  a  plane  mirror  turn- 
ing  about  a  polar  axis — what  is  known  as  a  polar  sidorostat.  In  this 
form  the  image  rotates  slowly  as  the  mirror  turns  with  the  diurnal 
movement,  and  the  plate  (16  inches  square)  should  therefore  be 
rotated  slowly  to  get  an  absolutely  fixed  image.  Mr.  Michie  Smith 
had  arranged  for  this,  but  did  not  receive  the  apparatus  in  time. 
For  short  exposures  of  a  few  seconds,  however,  the  rotation  would 
hardly  bo  appreciable. 

Professor  Campbell  mounted  his  tube  on  a  timber  framework, 
so  as  to  point  to  the  position  of  the  sun  at  mid-totality,  and  applied 
clockwork  to  move  his  plate,  which  was  17  inches  by  14  inches. 
Dr.  Copeland  used  a  fixed  mirror  to  reflect  the  rays  iuto  his  teleaoope, 
which  was  mounted  horizontally,  and  moved  lus  plate  (18  inoheg 
square)  by  clockwork. 

The  instrnmont  I  nsod  was  on  a  different  principle,  the  large 
scale  being  obtained  by  applying  a  concave  lens  (placed  at  the  proper 
point  within  the  focus)  to  magnify  the  image  formed  by  an  object- 
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^MB  of  tamfmntirtilj  skort  fooal  length,  mad  tbos  the  total  length 
of  the  telwoopa  i*  k^  viUua  tMUHLgmbl«  duoeosions — 11  feet  ia 
mj  can,  iiMti»ii  of  40  fiaet  »m  in  the  ordinary  form.  This  eomhink- 
taaa  i«  in  &et  sa  ■ppliefction  of  the  weU-knovn  Barlow  leu*,  tnd 
fbcaw  what  htm  rinoe  baoone  known  to  photogTS{d>etB  as  the  tele- 
pketo  tonm.  Mj  inativneBt  was  the  photogiaphio  teieaeopa,  at 
9  indMM  ^ertiirs  and  8  feet  6  inchea  focal  length,  preeeoted  some 
yean  ago  to  tlte  Greenwich  Obeerratory  by  Sir  Heary  Thompeon, 
and  io  tfaia  waa  implied  a  tele-photo  ooncaTe  magnifier  of  3  incheg 
diameter  giviD^  a  solar  image  4  inches  in  diameter,  with  a  field  of 
view  of  10  inches  diameter  (2^  diameters  of  the  son). 

The  ssaie  ■o-oaUed  tele-photo  fonn  waa  aleo  naed  for  two  nnallet 
taleaoopeB  of  4  inches  apertoie  which  gsve  a  solar  image  1  ^  inches  in 
diameter,  each  of  these  being  combined  with  another  pLotogrsphic 
telasoope  of  4  inches  aperture  and  62  inches  focos  (Imown  ss  the 
▲bnej  lens)  in  a  doable  tnbe.  Thus  each  **  double  tube  "  gave  two 
photographs  of  the  corona,  large  and  small  scale,  the  former  to  ehoir 
detail  and  the  latter  to  give  ae  great  extension  as  possible.  These 
"  doable  tubes  "  were  first  used  in  the  eclipse  of  1893.  In  the  recent 
eclipse  they  were  effectively  employed  by  Professor  Turner  at  Sahdol, 
and  by  Oaptain  Lenox  Conyngluun,  B.£^  under  Captain  Hills'  direc- 
tion, at  Pulgaon. 

Another  importaot  feature  in  the  iustrumeDtal  equipment  was  the 
ccelosiat,  a  form  of  mounting  a  mirror  devised  by  M.  G.  Lippcnann 
in  1895.  and  soooessfully  used  in  the  recent  eclipse  at  three  statioDS 
(Sahdol,  Pulgaon  and  Visiadrug) ;  the  obsenrers  being  indebted  to 
Dr.  Common  for  designing  the  instruments,  supervising  their  con- 
struction and,  most  important  of  all,  supplying  the  large  plane  minors 
(16  inches  in  diameter). 

Another  new  departure  of  much  interest  was  Profieseor  Borck- 
halter's  device  for  giving  to  each  part  of  the  carotta  the  exact 
exposnre  beat  mited  to  its  brightness.  The  brigfatneas  of  the  inner 
pafts  near  the  anm's  limb  is  so  overpowering,  as  oonttasted  with  the 
frintneas  of  the  outer  streamers,  that  widely  ditferent  exposures  are 
required  to  bring  out  their  respective  details,  and  thus  it  is  necessary 
to  take  a  series  of  photographs,  the  combination  of  which  should 
represent  the  whole  phenomenon. 

Professor  Barckhalter  arranges  to  get  the  whole  on  one  plate  by 
giving  exposures  mpidly  increasing  from  the  sun's  limb  to  the  edgs 
of  the  field,  this  being  effoeted  by  means  of  a  slit  of  peculiar  form  in 
a  metal  screen  which  rotates  rapidly  in  front  of  the  photographic 
plate,  and  thus  gives  intermittent  exposures  of  duration  depending  on 
the  width  of  the  slit,  which  increases  rapidly  from  the  son's  limb 
outwards. 

Another  interesting  instrument  was  that  used  by  Mr.  Thwaites  at 
Talni  with  a  tri]>le  object-glass,  4^  inches  in  diameter,  of  Cooke's 
new  form  adapted  both  for  visual  observation  and  for  photography. 

Valuable  series  of  photographs  of  the  corona  weiv  obtained  witli 
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all  tbese  inBtruments,  the  expoBurea  being  so  arranged  that  each  aeries 
of  photograpba  would  gire  a  oomplete  representation  of  the  corona, 
showiug  the  detaik  in  the  different  parts. 

A  Bmall-scAlo  photograph  of  the  corona,  taken  by  Mrs.  Maandor 
with  a  lens  of  1|^  inch  aperture  and  9  inches  focus  on  a  Sandoll 
triple-coftted  plate,  is  remarkable  for  the  groat  eztonaion  of  the 
corona  which  it  shown,  ono  ray  in  particular  being  traceable  to  ■ 
distance  of  nearly  3°  from  the  sun. 


n.  Spectroscopic  Observations. 

ThflM  were  made  with  two  classes  of  instruments: 
a.  Slit  .Spectroscopos. 


^■  b.  Prismatic  Camenta. 

a.  Slit  Spei'iroscopeg. —  Captain  Hill«,  R.E,  UHing  two  Bpectn>- 
Hcopcs  with  two  flint  prisms  and  four  qaartz  prisms  rempectiTely,  fed 
by  a  12-iiich  bcliostnt,  in  oombination  with  two  telescopes  of  4^-inoh 
and  5-inch  aperture  rcHpoctively,  obtained  fine  photographs  of  the 

I  coronal  epcctnini  and  of  the  flash  spectrum  at  the  beginning  and  end 
of  totality.  TbeRO  latter  show  clearly  the  progreesive  changes  from 
the  dark  lino  spectrum  of  the  sun  to  the  bright  line  spectrum  of  the 
chromosphere  as  the  moon  covered  the  buu'h  disc, 
Mr.  Newall  with  a  4-pri8m  speotrosoope  attempted  to  determine 
the  relative  motion  of  the  corona  on  opposite  sides  of  the  sun  in  the 
line  of  sight,  by  the  dinpliicoment  of  the  coroa&l  linos  in  the  spectrum ; 
but  unfortunately  his  attempt  to  dctermiue  the  rotation  of  the  oorunn 
failed  thrungh  the  faintneas  of  the  spectrum  at  the  region  plioto* 

■  graphed,  only  8'  from  the  mia's  limb.  He,  however,  sncceeded  in 
obtaining  a  fine  phot<igrapli  of  the  spectrum  of  the  flash  at  the 
end  of  totality.  He  alfin  observed  the  distribution  of  coronium  round 
the  sun's  limb  with  a  dilTravtiun  grating  in  frout  of  un  object-glass  of 
3^  inches  apoiture  and  29  inches  focut;.  With  this  instrument  hs, 
noted  seven  bright  patchea  of  coronium,  throe  being  traced  to  a  di»-l 
tance  of  12'  from  the  sun's  limb.  Two  of  those  coincided  roughly 
with  oonmul  Htreiiiuers  in  the  north-oast  and  south-west. 

■  b.  Prismatic  Cameras. — Sir  Norman  Lockyor's  party  at  Viziadrug 

made  use  of  two  prismatic  cameras,  i.e.  photographic  tolcscopea,  with 
one  or  more  large  prisms  ])laoed  in  front  of  the  object-glass.     One  oti 
these  had  an  object-glass  of  6  inches  aperture  with  two  largo  prisms 
in  front  of  it,  the  other  was  larger,  haviug  au  objoct-glass  of  9  inches 

I  aperture,  but  with  only  one  prism,  so  that  its  dispersion  was  only 
about  half  of  that  given  by  the  other. 
With  these  iustmnients  valuable  series  of  photographs  were.] 
obtained  at  the  beginning  and  end  of  totality,  showins  the  spectrum] 
of  the  chromosphere,  and  during  totality  for  the  coronal  spectrum.  In 
each  case  rings  represented  the  various  lines  of  the  spectrum,  giving 
the  images  of  the  chromosphere  or  corona  surrounding  the  eclipfe^l 
Bun  as  formed  by  light  of  the  various  wave-lengths  emitted  by  it. 
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lb.  Erenhed  at  TaLai  tlflo  obteined  fine  pihotognplis  of  tbs  speo- 
of  1^  duoraospliean  and  ooran»  imii  %  ™^ii«^  primatin 

m.  Pciariaeofie  Obtmvatiom$. 

ProfMwr  Tmner  at  Silidal  obtained  photogi^plis  ahowing  ndial 
polariaatian  in  Om  eoraoal  stteamen,  lua  object  being  to  detennine 
now  modi  of  the  light  of  the  oonma  is  polariaed  zadially,  and  oooae- 
qoeotly  doe  to  refleeted  sonli^t. 

Mr.  Newall  made  eye  obeerrationB  whieh  indicated  strong  poUri- 
sation  of  the  atmosphera  at  all  points  within  80^  of  the  son,  Uie  plane 
of  polarisation  being  not  ToticaL 

IV. 

Photographs  of  the  partial  |diase  for  detenninatum  of  the  pontion 
of  the  moon  were  taken  by  me  at  Sahdol,  the  longitode  and  loesl  time 
being  aocnrately  determined  by  Miyor  Barraid,  B.E.,  and  Lieut 
Grosthwaite,  B.E.,  of  the  Indian  Snrrey  Depaztmeol 

Y.  IGsoABaaeoac 

A  number  of  drawings  of  the  oonma  were  made  by  ohserrers  at 
the  various  stations  ooonpied,  bat  their  valne  wonld  have  been  mooh 
greater  if  the  obeerrers  had  worked  with  a  stnmp  to  represent  the 
gradations  of  light  in  the  corona,  instead  of  attempting  to  draw  with 
a  pencil  an  onUine  of  the  corona,  which  has  essentially  no  defined 
bonndary. 

[W.  H.  M.  C] 
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F  Friday,  April  1,  1898. 

■         Sia  Edwaed  Fhamkland,  K.O.B.  D.C.L.  LL.D.  F.R.8.  Vioo- 
^^  Preddeut,  in  the  Chair. 

^^L  FMrauoB  Dewak,  M.A.  LL.D.  F.R.S.  MMJ, 

^^^B  Liquid  Air  at  an  Analytic  AgenU 

Thi  increasing  importance  of  low-temperature  researob  is  shown 
by  the  gradual  development  of  the  applications  of  liquid  air  fur 
scientific  and  other  pnrposea.  The  mnch  larger  apparatus  now  used 
in  the  production  of  the  liquid  enables  experiments  to  be  made  on  a 
more  imposing  scale. 

tLiq^aid  air  poured  from  a  tin  can,  filled  bj  being  dipped  into  a 
5-gallon  jar  fiUod  with  the  liquid,  into  a  large  silver  basin  heated  to  red- 
ness, remained  apparently  as  quiescent  at  this  high  temperature  as  in 
cooler  vesaels,  and  maintained  a  spheroidal  condition,  just  like  other 
liquids.  The  temperature  of  the  liquid  air  was  about  —190°  C,  or 
83'  absolute,  while  the  vessel  in  which  it  was  placed  had  a  temperature 
of  800°  C,  or  1073"  Ab.  In  other  words,  between  the  wall  of  the 
ailver  vessel  and  the  liquid  air  there  was  a  difference  of  temporatnie 

■  of  1000°  C,  12  times  the  absolute  temperature  of  the  liquid. 
Liquid  air  can  be  of  great  scrvico  in  the  qualitative  ficparation 
of  mixtures  of  gases.  With  the  object  of  ascertaining  the  propor- 
tion of  any  gas  in  air  thai  it  not  condentahle  at  about  —210°  C.  under 
atmospheric  pressure,  or  it  not  tolubU  in  liquid  air  under  the  same 
conditions,  a  sorios  of  experiments  was  made  with  the  following 
apparatus. 

A  cylindrical  bulb  of  a  capacity  of  101  o.o.,  marked  B  in  figure, 
had  a  capillary  tube  sealed  into  it  terminating  in  a  three-way  stop- 
cock, as  shown  at  E.  The  parts  marked  C  and  D  consist  of  soda-lime 
and  sulphuric  acid  tubes  for  removing  carbonic  acid  and  water.  The 
stand  marked  Q  holds  the  large  vacuum  test-tube  into  which  B  is 
inserted,  and  which  oontoioB  liquid  air  maintaiood  under  continuous 
exhaustion.  As  this  low  temperatnro  had  to  be  kept  steady  from 
one  to  two  hours,  while  at  the  same  time  the  bulb  B  had  to  be  com- 
pletely covered  with  liquid  air,  it  was  necessary  to  arrange  some  moans 
of  keeping  up  the  liquid  air  supply  without  disturbing  the  apparatus. 
The  plan  adopted  is  shown  at  H,  which  is  a  valve  arrangement  which 
can  be  so  regulated  as  to  suck  liquid  air  from  the  large  vacanm 
veesel  A,  and  discharge  it  continuously  along  a  pipe  into  the  vaonnm 
test-tube  G,  the  latter  being  kept  under  good  exhaustion.  In  work- 
ing the  apparatus,  the  tube  I  is  connected  to  a  gasometer  containing 
10  oubio  feet  of  air,  so  that  the  volume  of  air  condensed  in  each 
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experiment  may  be  obeerred.  This  was  generally  from  2J  to  3  oabic 
feet.  If  there  is  a  very  small  proportion  of  some  sabstance  not 
liqnefiable  or  soluble  in  liquid  air,  then  we  shonld  expect  the  ves»cl 
B  would  not  fill  up  completely  into  the  capillary  tube,  lids  is, 
however,  exactly  what  does  take  place.     After  40  minutes'  cooling, 


Apparatus  For  the  examinahon  of  the 
/Mst  condensible  portion  of  Air 


Fio.  1, 

the  vessel  B  and  the  cool  part  of  the  tube  were  filled  with  liqnid. 
In  this  experiment  some  80  litres  of  air  were  condensed,  and  any 
accumulated  nnoondcnsed  matter  mnst  have  been  conoentraled  in  the 
upper  part  of  the  capillary  tube,  which  had  a  volume  of  0*5  cc. 
Under  the  conditions,  therefore,  the  material  looked  for  most  be 
less  than  1  part  by  volume  in  180,000  of  air." 

*  These  experimenU,  aloni;  with  the  mioee^ding  ones  nn  Bath  Oaa,  «■• 
nil  rlMcribed  in  u  Taprr  eotitled,  '  Li<)uefaciion  of  Air  uod  the  Dcteotioa  fi 
Imparilieg,'  given  at  the  Chemical  Society  on  4lh  November,  ISlC 
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To  test  the  working  with  an  unoonilensable  gas  added  to  air,  a 
volume  of  10  cubic  feet  was  taken  in  the  gdsboldor,  and  to  that 
600  c.c.  of  hydrogen  were  addwl.  This  is  in  the  proportion  of  leu 
than  1  in  500.  Even  after  two  hours'  cooling,  tho  tubo  B  could  only 
be  filled  four-fiftiiB.  In  order  to  prove  that  the  gas  accunmlated  in 
the  upper  part  of  B  was  hydrogoii,  the  three-way  stopcock  at  B  was 
turned,  and  tho  temperkitnro  allowed  to  rise,  so  that  the  gas  was 
expelled  from  the  evaporation  of  tho  liijuid  air  and  collected  over 
mercury  aa  shown  at  F.  Tho  gas  tbiie  coIlcL-tdd  was  easily  com- 
bustible and  consisted  chiofly  of  hydrogen.  Tho  amount  of  hydrogen 
was  then  reduced  to  1  part  in  1000  of  air,  and  it  was  foimdl  that 
after  one-and-a-quartur  hours'  cwding,  the  bulb  B  had  filled  to 
within  a  half  c.c.  of  the  capillary  tube.  A  new  samplo  of  air  con- 
taining 1  part  of  hydrogen  in  10,000  of  air,  fillod  the  bulb  0  oom- 
pletoly  as  if  it  were  ordinary  air. 

It  appears  from  these  eiperiments  that  1  part  of  hydrogen  in 
1 000  of  air  is  just  detectable  in  the  form  of  an  uucondeuKtble  residue. 
As  the  80  litres  of  air  coudens -d  contained  some  80  c.c.  of  hydrogen, 
it  appears  that  100  c.e.  of  liquid  air  at  from  -200"  to  -210°  C.  had 
dissolved  nearly  all  this  gas;  in  fuct,  that  20  c.c.  of  hydrngeu  at 
the  low  temperature  is  diKsulved  in  100  c.c.  of  liquid  air,  and  can 
only  be  detcctod  by  examining  the  first  sample  of  gas  boiled  off  or 
cztracled  by  lowering  tho  pressure  on  the  liquid.  In  the  paper  on 
'  The  Liquefaction  of  Air  and  Itcsearch  at  Low  Temperatures,"  •  it 
was  shown  that  if  hydrogen  containing  a  small  percentage  of  oxygen 
were  employed  for  the  purpose  of  getting  a  hydrogen  jet,  tho  liquid 
collected  from  it  was  oiygeu,  containing,  however,  so  much  hydrogen 
dissolved  in  it  that  tho  gas  coming  off  for  a  time  was  explosive. 

Coal  gas,  which  isamixtureofhydmgen,  marsh  gas,  carbonic  oxide, 
and  various  illuminating  gases  and  impurities,  aftor  passing  through 
•  c»iil  of  pipe  surrounded  with  solid  carbonic  acid  for  the  purpose  of 
condensing  the  vapours  of  benzol,  naphthalene,  &c.,  when  supplied  to  a, 
tube  similar  to  B,  currouuded  by  boiling  liquid  air,  gave  a  liquid  and 
gMeons  portion  at  the  lowest  ti^mj  crature.  It  was  possible  to  con.- 
dense  in  this  way  alt  the  constituents  of  coal  gas,  and  to  separata  | 
them  after  liquefaction  by  fractional  distillation,  except  carbonio ' 
oxide  and  hydrogen. 

Ultimately,  however,  the  carbonic  oxide  would  be  condensed,  and 
hydrogen  be  left  alone  in  the  gaoeoos  state.  Similarly,  any  gas  less 
easily  condensed  than  air  could  be  separated  from  a  mixture  of  the 
same  with  air.  Hydrogen  present  in  air  to  the  extent  of  one  in  a 
thousand  is  Just  detectable,  but  smaller  ((uantitiea  escape  direct  obser- 
vation owing  to  solution  in  the  liquid.  In  order  to  press  this  inquiry 
a  little  fnrther,  some  natural  gas  known  to  contain  a  different  con- 
stituent, like  helium,  suggested  itself  aa  being  worthy  of  trial.  Lord 
Rayleigb's  analysis  of  the  gas  from  the  King's  Well,  at  Bath,  gave 


•  Proo.,  1805,  vol.  xi.  p.  221. 


818  PrefimorDmmr 

1*9  jni  tt  Mna  per  lOOO  iroIaBBM,  so  Uml  it  seemad  adminblj 
far  anb  nnwiiiiwtfc.  B7  th«  kind  permiaeioa  of  the 
of  Bitt,  an  riiiiiwhwt  sapply  of  this  Gas  «u  obUioed 
fareq 

In  •  paper  read  bv&ira  Um  Boyal  Society  on  December  19, 183: 
by  Dr.  uuiImbj,  Piufiaam  of  ChMnirtry  at  Oxford  DnirerBity,  on 
*  Qoaatity  aad  Qaality  of  the  Thermal  Springs  of  the  King's  Well  in 
IIm  City  of  Beth,'  Am  are  some  interesting  details.  Dr.  Daubenj'B 
espernaeBli  wiVoiiwI  orer  a  montb,  and  he  estimated  the  rolniae 
of  gM  gm«  off  aa  from  80  to  (30  cabio  inches  per  minnte 
(avonfe  264).  The  temperatare  of  the  water  of  the  King's  Well 
waa  115"  Fahr^  and  the  amovnt  of  water  per  minnte  was  equal  to 
19B  gallons.  The  avetaga  Tohnae  of  gas  was  240  cubic  inches  per 
MiBvte.  The  na  waa  collaeted  from  an  area  of  20  feet  in  the  centre 
of  the  bath ;  S»  laiTWMIi  •moont  of  gas  obtained  was  300  cubic 
inchaa,  while  the  ndaiamB  qoaatity  waa  194  cnbic  inches  per  minate. 
Cbleolatad  at  tha  laSa  of  emlatioo  of  250  cubic  feet  per  day  for 
50^  yaan,  then  the  whole  gas  giren  oS  amoants  to  456  milLou  cubic 
itot. 

Thirty-two yeazB  after  Danbeay's  experiment  Professor  WilliatnBon 
■aide  a  aaore  elaboimte  wfaaiinatimi  of  the  Oases  of  the  King's  WclL 
In  BJL  Beportot  1865,  he  givee  the  following  as  the  Tolume  com- 
poaiHao  d  the  gM: — 

Cbcbnue  AM.    Oxjjxa.      Xanh  Gaa,    KitrngeB. 
f948  OH  018  MS3 

8-056  r«17  0-S16  96- II 

Williamson  nsed  a  funnel  3  ft.  9  in.  in  diameter  to  collect  the 
and   obtained   a  quantity  equal  to  a  rate  of  II 2  cnbic  feet  per 
This  is  only  abont  half  the  anjoant  Danbeny  collected,  and  may  be 
explained  by  the  great  alteratiuns  made  in  the  bath  itself  betireen 
the  dates  of  the  observations. 

In  passiag.  it  is  interesting  to  note  the  general  character  of  the 
saline  ooostitaents  of  the  spring,  as  the  most  probable  hypothesis  is 
that  the  argon  and  helium  come  from  the  rocks  travened  bj  tbs 
water.     The  following  analysis  was  made  by  Dr.  Attfield. 

Cn.p«rO«ttoD. 

Carbonate  of  ealdam 7-8402 

Halpbate  of  o^cium       94-1080 

Nitnte  of  Mkiam -56*23 

Orboiiale  of  magneooiB       '5011 

Chloride  o^magseuam         15-2433 

CUoridflofiodiaiii 15-1555 

Rulphateofaodinm        ..      ..      23-1400 

Sulphate  of  potaft-iaa 6-7020 

Nitrate  of  peUitiam      I-OMO 

Carbonate  of  iiOQ 1-2173 

SiUca       2-7061 

I08-2898 
*  itojal  8oc.  Proc  vol.  iii.  p.  254. 
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Ramsay,  the  geologist,  estimatod  the  miueral  ingredients  obtained 
from  this  source  in  one  jear  wuoM  equal  a  squnre  column  9  feet  in 
diameter  and  140  feet  high.  Roaooe  detected  bj  speotroscopic  ex- 
amination the  presence  of  lithinm,  Btrontiomand  cupper.  The  sample 
of  Bath  gas  examined  by  Rayleigh  contained  scarooly  any  oxygen  and 
but  little  carbonic  acid.  The  weight  in  a  given  globe  of  the  N  from 
the  Bath  gu  (2 '30632)  is  aboat  half-way  between  that  of  chemical 
nitrogen  (2*299)  and  "atmospheric"  nitrogen  (2*3101),  snggesting 
that  the  proportion  of  argon  is  less  than  in  air,  instead  of  greater,  as 
had  been  expected.  Later  experiments  by  Rayleigh  proved  that 
this  nitrogen  contained  beliam  as  well  as  argon. 

The  sample  of  gas  from  the  Bath  Spring  was  treated  exactly  in 
the  same  way  as  the  hydrogen  mixtures  before  referred  to.  During 
liquefaction  there  was  a  marked  difierenoo  in  the  appearance  of  the 
liquefied  gases,  for  while  the  hydrogen  and  air  mixtures  on  condensa- 
tion gave  clear  transparent  liquids,  the  product  from  the  Bath  gas 
was  turhid.  and  a  precipitate  gradually  formed  which  by  transmitted 
light  looked  yellowisb-brown.  The  yellowish-browu  precipitate  is  a 
hydro-carbon,  probably  of  the  petroleum  series,  having  a  marked 
aromatic  smoU,  and  is  liquid  at  the  ordinary  temperatures.  It  was 
probably  this  gas  which  Professor  Williamson  gave  as  marsh  gas  in  his 
analysis.  Further  research  will  be  made  on  this  substance.  Another 
peculiarity  of  the  liquid  nitrogen  obtained  from  Bath  gas  is  that,  on 
examining  it  with  a  spectroscope,  even  tlirougb  a  thickness  of  two 
inches  of  liquid,  no  trace  of  the  characteristic  oxygen  absorption  spec- 
trum conld  be  obtained.  In  all  other  attempts  to  make  nitrogen  for 
liquefaction  on  the  large  scale,  oxygen  could  always  be  detected  in 
the  liquid  by  means  of  its  absorption  spectrum.  Another  phouomenoQ 
was  that  the  gas  from  the  King's  Well  could  not  be  entirely  condensed 
by  refrigeration  with  liquid  air  boiling  in  vacuo.  After  the  cooling 
had  continued  for  stjmo  time,  the  gas  coMod  to  Oow  into  the  condens- 
ing vessel,  and  the  upper  part  of  the  vessel  was  occupied  by  a  goa 
that  would  not  undergo  liquefaction  at  the  temperature  together  with 
BubstantiaUv  liquid  nitrogen  saturated  with  tho  said  gas. 

About  70  litres  of  the  Bath  gas  wore  condensed,  certainly  the 
largest  quautity  of  this  gas  ever  suhjccted  to  chemical  examination. 
This  was  boikd  off,  and  a^  by  accident  too  much  nitrogen  had  vola- 
tilised along  with  the  gas,  oxygen  was  added,  and  the  mixture  sparked 
over  alkali,  to  get  rid  of  tlie  excess  of  nitrogen.  The  sample  of  gas 
directly  cnllocted  from  tho  liquid  nitrogen  coiitnine<l  about  50  per 
cent,  of  helium.  During  the  sparking  the  helium  lines  wore  well 
marked  (along  with  others,  the  origin  of  which  must  bo  settled  later), 
and  a  vacuum  tube  filled  with  the  product  of  the  sparking  gave  a 
epleudid  spectrum  of  the  gas.  The  recorded  unknown  lines  in  the 
Bath  helium  were  subsequently  detected  along  with  helium  in  the 
more  volatile  portion  of  liquid  air.*  Eight  months  after  my  paper 
to  the  Chemical  Society,  and  some  two  mouths  after  this  adilress  was 

*  8m  'Nature,'  vol.  Uiii.  p.  S70,  Letter  of  Sir  William  Orookea,  Oct.  ti.  t89H. 
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Fio.  2. 

A.  glus  vaenuid  veasel,  conlainiuR  liquid  air.  B,  tnbe  of  ar;!nn.  C,  tub«  of 
liquid  oblorine.  D,  tabe  of  metallic  siydium.  E,  Bonlgen  X-m/ bolb.  F,  plioto- 
grupJiio  plate  bebind  «bcet  tdamiaium. 


1898.]  on  Liquid  Air  a»  an  Analytic  Agent.  831 

■  delivered,  the  eamo  material  was  foand  by  Professors  Itameay  and 
Travers  to  exist  in  argon,  and  has  been  reoognised  and  named  by 
them  Noon,  a  new  element. 

It  is,  tboreforo,  possible  to  separate  bolium  from  other  gasos  by 
liquefaction  when  it  is  only  present  to  the  extent  of  ono  part  in  one 
thouBAnd.  From  this  it  woiUd  appear  Ibat  helium  is  less  soluble  in 
liquid  nitrogen  than  hydrogen  in  liquid  air,  and  is  of  greater  volatility 
than  the  oonatitticnts  of  the  other  gases  which  were  condensed.  If  the 
sample  of  tbe  uncondeuRcd  gas  from  the  lirst  liquefaction  of  the  Bath 
gas  were  again  treated  in  the  s&mo  way,  a  much  mora  concentrated 
specimen  of  helium  could  be  obtained.  Trovidud  helium  wore  wanted 
on  a  large  scale,  tben  u  liquid  air  apparatus,  similar  to  that  in  use  at 
the  Boyal  Institution,  trauspitrteil  to  Bath,  and  worked  with  the  gas 

■  from  the  Ring's  Well,  could  be  made  to  yield  a  good  supply,  as  the 
F     gas  contains  1*2  parts  in  1000. 

Argon,  which  is  present  in  the  proportion  of  1-4  per  cent.,  eon- 
dennes  with  the  nitrogen ;  but  if  the  liquid  bo  allowed  to  slowly 
boil  away,  a  residuum  may  be  obtained  containing  about  7  per  cent. 
of  argon.     Argon,  when  frozen,  Bolidi£os  to  a  perfectly  clear  glass. 

Absobptiom  or  Rontoen  Radiation  at  Low  TiaiPsiuTUBK  bt 
DirncREM'  Bodies. 

Tbe  transparency  of  bodies  to  the  Bontgen  radiation  is  an  int^r* 
eating  study,  although  we  are  not  in  a  position  to  draw  definite  cou- 
olnsioiu  from  the  results.  As  a  general  fact  we  know  the  opacity 
of  elements  in  the  solid  state  increases  with  the  atomic  weight. 

In  the  experiments  small  tubes  of  the  same  bore  were  filled  re- 
spectively with  liquid  argon  and  chlorine,  potassium,  phosphorus, 
aluminium,  silicon  and  sulphur,  and  exposed  at  the  temperature  of 
liquid  air  (in  order  to  keep  the  argon  and  chlorine  solid)  in  front 
of  a  photographic  plate  shielded  with  a  sheet  of  aluminium  to  an 
X-ray  bulb  (see  Fig.  2).  The  order  of  increasing  opacity  of  the 
shadow  of  each  substance  was  observed,  and  tho  BO(juouce  in  the  list 
given  above  represents  the  results.  A  tube  containing  silicon  was 
a  little  more  transparent  than  tho  potassium  or  chlorine.  Sodium 
and  liquid  oxygen  and  air,  nitrous  and  nitrio  oxides  proved  much 
more  transparent  than  chlorine.  Tubes  of  potassium,  argon  and 
liquid  chlorine  presented  no  very  marked  difference  of  density  on 
the  photographic  plates. 

From  these  experiments  it  would  appear  that  argon  is  relatively 
more  opaque  to  the  X-rays  than  either  oxygen,  nitrogen,  or  sodium, 
and  that  it  is  on  a  level  with  potassium,  chlorine,  phosphorus,  alu- 
minium and  sulphur.  This  may  bo  regarded  as  supporting  the  view 
that  the  atomic  weight  of  argon  is  twice  its  density  relative  to 
hydrogen. 

Thxbhal  Tbansfabenot  at  Low  Tehpbbatcbbs.  I 

Pictct,  after  an  elaborate  investigation,  concluded  that  below  a 
certain  temperature  all  subetaocea  had  practically  tbe  same  thermal 
Vol,  XV.    (No.  92.)  ^  vs. 
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tmuqiareDcy,  and  ih&t  &  non-oondactmg  body  become  meBa 
low  tomper&tores  in  shieldiiig  a  vessel  from  the  inflax  o 
Experimeiite,  about  to  be  detailed,  however,  prove  that  ench  ia  nut 
the  case,  the  ttanaferenoe  of  heat  observed  by  Pictet  appearing  to 
be  dae  not  so  much  to  the  materials  themselves  as  to  tbe  air  con- 
tained in  their  inteistices.  Good  exhaostion  in  tbe  ordinary  vacaom 
veiBDhi  used  in  low  temperatore  work  rednoes  the  inflox  of  heat  to 
ooe-fifUt  of  what  is  conve3^3d  when  the  annular  space  of  such  double- 
walled  veeaels  is  filled  with  air.  If  the  interior  walls  are  silvered, 
or  excess  of  mcrcory  is  allowed  to  remain,  the  influx  of  beat  is 
diminished  to  one-sixth  of  tbo  amount  entering  without  the  mctiillic 
ooating.  The  total  effect  due  to  tbe  high  vacuum  and  silvering  is 
to  reduce  the  ingoing  heat  to  one-thirtietU  of  the  original  amount, 
Le.  rongbly,  to  'iif  per  cent. 

By  filling  the  annular  space  between  the  walls  of  several  similar 
vaouom  Teasels  with  various  substanoes,  and  exhausting  them  all 
to  the  same  low  preasnra,  large  dificrences  in  the  thermal  isolatin 
were  observed.  The  rate  of  evaporation  of  equal  vulumes  of  liqr 
air  contained  in  the  respective  vessels  measures  the  rate  of  influx 
beat.  Moreover,  it  appears  that  what  might  bo  called  under  the 
circumstances  the  tfaermid  transparency  of  some  materials  diminished 
at  very  low  temperatures  instead  of  increasing,  aa  Lad  been  asserted. 
Thus,  of  two  vacuam  tubes  {one  siuipiv  exhausted,  and  the  other  having 
|K)wderod  corbou  in  the  viu)uum  epace),  the  latter,  at  low  temperature, 
was  the  most  efficient  preserver  of  liquid  air,  showing  that  the  carbon 
diuiinishcd  the  radiation  and  gas  convection.  But  when  the  vacuum 
was  destriiyed  and  air  admitted  into  the  since,  the  liquid  air  in  the 
carbon  tuU>  boiled  off  much  more  vigorously  than  that  in  the  simple 
tube,  indicating  that  at  ordinary  temperatoros  carbon  allowed  more 
heat  to  }Mts8  tlian  did  air. 

In  conducting  these  experiments,  generally  sets  of  three  dcmblo- 
walled  glass  tubes,  as  nearly  identical  in  size  and  shape  as  possible, 
were  mounted  on  a  common  stem,  and  two  out  of  the  three  filled  with 
different  kinds  of  {towders,  while  the  third  is  left  empty  as  a  standard 
for  comparison  (Fig.  3).  In  this  way  each  set  had  the  fsame  vacuum, 
and  as  intercommunication  between  the  tubes  after  sealing  off  from 
the  pump  was  left  free,  any  deteriomtion  in  the  vacuum  on  keeping 
affected  all  three  vacuum  tubes  to  the  same  extent. 

The  preparation  of  such  tubes  entails  enormous  labour,  becaaao 
it  takes  days  of  exhaustion  with  a  mercurial  pump  to  extract  tlio 
occluded  gases,  even  at  as  high  a  temperature  as  the  glass  would 
stand.  Before  beginning  the  experiment,  tlio  vacuimi  tubes  of  each 
triple  set  were  fille<i  with  liquid  air,  and  alloued  to  stand  half  au 
hour  in  order  to  get  the  heat  coudnctiou  in  the  porous  moss  into  a 
steady  stite.  The  tubes  after  this  treatment  were  filled  to  the  same 
heigbt,  and  the  relative  times  required  to  distil  off  the  same  volume 
of  liquid  air  from  each  observed — the  outer  surface  of  the  vacuum 
tabes  being  maiutaiuo*!  at  a  steady  temperature  by  immersion  in  a  large 
VQBmL  of  water.     Neither  the  tubes  nor  the  shape  of  the  vaouom  i 
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in  each  were  absolTitolj  identical,  so  that  iho  resnlts  are  simply  com- 
paratire.  The  general  ratio  of  heat  propagation  found  for  two 
substances  when  different  sets  of  double- walled  tubes  of  about  tho 
same  form  and  proportion   were  compared,   remained  Bubstantially 

c 


w 


I 


Via.  3. — Thr«e  tubus  blown  un  (o  one  ttem,  iw  tliat  the  exhauatiou  io  oaob 
would  be  identical. 

A,  flUed  with  lnmp>>lnr<k  between  ihe  inner  nnd  oater  ttibex.     B,  aannlar  , 
space  left  oropty.     C,  filled  with  isilica  between  tbo  tuboa.     A',  D',  C,  the  aaoM 
tubca  iu  section. 

constant  wbon  a  high  vncuura  was  reached.  A  confirmation  of  tho 
results  was  generally  made  by  noting  the  time  required  to  evaporate 
tho  whole  of  tho  air  from  each  tubo.  The  annular  yacunm  space 
had  generally  n  thickness  of  4  to  5  mm.,  and  was  in  each  case  com- 
plotely  filled  up  with  the  soli<1.     In  reality,  Itowovur,  tho  absoluta 
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fraction  of  the  space  filled  by  the  solid  did  oot  exceed  cme-bal 
The  effect  of  any  coDBiderable  inequality  in  the  thickness  of  the  n^ 
condncting  powders  was  ascertained  by  comparing  two  Tacnom  tuba 
one  having  double  the  thickness  of  vacunni  space  of  the  other,  a 
each  then  filled  with  precipitated  silica.  Taking  the  nnfilled  vaca 
tube  as  the  unit  for  comparison  as  described  above,  then  the  sin 
thickness  of  silica  increased  the  insulation  to  6  and  the  doab 
thickness  to  8.  The  following  table  contains  the  results  of  a  numb 
of  eiperiments  with  triple  seta  of  double-walled  tubes  filled  wil 
different  substances,  when  exhausted  and  unexhausted.  The  results 
expressed  in  the  relative  times  required  to  volatilise  the  same  snui 
Volume  of  liquid  air  from  each  tube.  This  is  most  readily  doi 
aftttr  filliug  each  tube  with  the  same  volume  of  liquid  air,  by  notu 
the  time  required  to  fill  a  given  vessel  standing  over  the  pneumAl 
trough  with  the  gaseous  air  distilling  off. 

In  each  triple  set  the  unit  taken  for  oomparison  is  the  time  val 
of  the  free  vacuum  spaced  tube. 

Vtcnnm. 

Empty  Tobe I 

Cbarooal 5 

Magnesia 2 


VMoum. 

Empty  Tube 1 

Liimpblack         5 

Silica 4 


10 
0-7 
0  6 

Air. 

1-0 
0  7 
0-7 


Vacuum. 

Empty  Tube      1 

Graphite     ..      ..     ..      ..     13 

Aluuiiua     3*3 


Empty  Tube 

Lamptiluck 
Lyco{iodium 


TurDon- 
..      1 
..     4 


FmplyTubo 
Calcium  carbonate 
„       fluoride 


VicoDin. 
..      1 
,.      2  S 
,.     1-25 


Empty  Tube 
Ban  am  earbonato 
Calcium  phosphate 


V 


VMnam. 

Empty  Tube       1 

Phospbnrus  Caniorphoaa}  . .     1 
Mercuric  iwlide 1'5 


Empty  Tube 
Lead  oxide 
Biamutb  oxide 


1 
1-8 

2-7 

eosa 
1 

2 
• 


From  these  experiments  it  will  bo  seen  that  BiUca,  ob 
lampblack  and  oxide  of  bismuth  all  increase  the  imtolatirm  to  4^ 
anil  G  times  tbat  of  the  empty  vacuum  space.  In  tubes  genetl 
which  did  not  reach  such  a  high  vacuum  the  relative  iosola^H 
eflect  of  these  powders  could  bo  raised  as  much  ns  1  to  8  or  1  to  IQ 
In  this  case  the  influx  of  heat  per  unit  of  time  in  the  Tactram  tvt 
which  did  not  ccmtain  any  finely  divided  powder  was  Ueoesaaril 
much  groator.  As  the  chief  communication  of  heat  is  by  ttiolecaU 
bomf)ardment  the  fine  powders  must  shorten  the  free  path  of  ik 
gaseous  iiioleeules,  aiuf  tho  slow  conduction  of  heat  tlirungb  ih 
porous  mass  must  make  the  conveyance  uf  heat  energy  mure 
than  when  the  gas  molecules  could  directly  impinge  upon 
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glass  fiurfftco  maintained  at  a  higher  tomporatore.  To  separate  the 
true  conduction  from  the  radiation  and  tlie  gas  motion  wonld  require 
far  more  elaborate  exporiinents,  but  these  are  snfficient  to  prove  that 
the  presence  of  certain  finely  divided  solids  in  the  high  vacuum  space 


iitt.  i. — 'I'UrLb  lubcji  blowu  uu  to  onu  iit«iD,  aimiUr  to  Fig.  3. 

A,  VHCuuTn  space  buTinfr  lliree  turns  of  i^old  poper,  gold  oiitaiJe.  0.  vacuum 
vpacv  having  HOiiie  piece*  of  gold  leaf  put  in  no  hh  to  make  contjiot  iMrtwcen  ma\\* 
of  vacuum  tube.    C,  vacuum  Bpau«  empty.    A',  B',  C",  the  bainu  tuUs  in  section. 

of  the  vessels  used  in  low  temperature  research  improves  the  heat 
intiulation,  wh'Ie  in  the  'presence  of  air  the  same  bodies  facilitate  the 
tninbference  of  hcnt.  This  is  the  explanation  of  Pictot's  appaieutly 
I'Xtraordiiiiiry  rctoilts. 

In  no  lasfl  wiih  the  diniinntian  of  the  influx  of  boat,  in  the  case  of 
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the  086  of  finely  divided  eolids,  ever  so  effective  as  &  high  vacnnn 
in  an  empty  tube,  the  gl&sa  sorfaces  being  eilvered.  This  is  seen  b 
reference  to  resnlts  recorded  in  Tables  Nos.  1,  2  &nd  3,  where  tl 
insulation  is  increased  in  the  proportion  of  more  than  1  to  7,  wbii 
is  decidedly  better  than  anything  reached  by  the  use  of  powders. 

It  will  be  noted  that  the  nse  of  silica  and  charcoal  to  fill  np 
annular   spaces   between    the   walls   of  these   silver-oottted    vocu 
vessels  has  prodnccd  very  diiTorent  resnlts  from  those  recorded 
the  former  experiments  with   plane   glass  sarfaces.     Instead  of  tl 
heat  insulation  being  increased  from  4  to  6  times  by  the  nse  of 
powders,  it  is  now  only  very  slightly  benefited.      This  snggests  tk 
the  finely  divided  soHd  affects  ohicfiy  the  combined  radiation  ai 
conduction  factors. 

A  further  set  of  experiments  was  made  with  similar  vacnnm  tnba 
replacing  tlie  powders  by  metallic  and  other  septa  (Fig.  4).  Varioi 
papers  coated  with  metallic  powders  in  imitation  of  gold  and  eih 
which  are  in  common  use,  were  comjMired  with  black  paper  and  a  ooi 
parison  made  between  the  use  of  sheet  lead  and  aluminium,  all  nndi 
similar  conditions. 

The  fcilloiv-ing  tables  express  the  comparative  results  of  the  diff< 
ent  experiments. 


0) 
Vaonnm  spane  empty,  not  sil- 
vered        1 

Banc  spaoe  uiicsbauiited  ..      ..     0*25 
Vaouum  space  empty,  silvered 
on  1x>tk  •urfitces 7*4 


f« 

Vocuuni  apocp  empty.  tilTored  on 

iiuride  surfaces  ..      ..      .,      .,      I 
Bilioa  in  silvered  Tocaiun  spoee       I 


(3) 

Empty  eilvered  Tncnum        1 

ClitttMid  in  silveretl  vaonam       125 

Vacuum  space  DUKJlvered     I 

w  silvered  iiudde      5 

„    in  annular  space  with  gluts  Icst-tnbo  silvered         ..     6 


(4) 
Vnruum  space  empty I 

'J  lirt-i'  tiiTTifH  ailvvr  paper,  lirigitt 
siirfiice  rnniclH 4 

Tlireu  tUTiiH  silver  paper,  briglit 
Burlaoe  outside 4 

(6) 

Vucuuin  spnco  empty                 .•     I 
I'hrvo  tarns  gold  pB|>cr,  gold  out- 
side          4 

Sonic  [)iece8  of  goW  le«f,  put  in 
«>  B8  to  iiiiiku  diiitart  Ijctwet-n 


(5) 
Vacuum  space  empty 
Three    turns    black    paper, 

outside 

Three   turns 

inside     .. 


bUekl 


walls  or  vacuum  tulw 


0-3 


block    paper,   block  I 


(7) 
Varnum  spooe  emptor 
Thret*  turns,  not  touching,  of  i 

lead        

Thiee  turns  not  touehitig,  of 

uluDiinium 


The  experiments  show  that  liqnid  air  con  be  coOTcnientlT 
to  study  many  important  problems  of  heat  trAnsroissittn. 
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Fhotogbaphio  Aonoa  at  tbb  Tkhpekatube  or  Liquid  Aib. 

In  *  fonnor  lecture  on  Pbosphoresoenoe  and  Photographic  Action, 
it  was  shown  that  photograph io  action  was  reduced  by  80  per  cent, 
at  the  tomperature  of  —182°  C.  It  was  further  proved  that  a  sensi- 
tive film  was  BtOl  comparatively  active  at  the  tcmperatare  of  —  210"  C. 
£Ixporiment8  in  this  direction  have  been  continued  at  different  times. 

In  these  now  experiments  the  source  of  light  was  respectively  a  IC 
candle-power  lamp,  a  magneaiam  and  cadmium  spark  discharge,  and 
a  Rontgen  bnlb.  Small  dark  slides  were  prepared  having  a  circular 
hole.  One  was  placed  in  liquid  air,  and  another  simultaneously  expoeed 
for  the  same  time  at  the  ordinary  temperature  (Fig.  7).  Tfioy  were 
developed  together,  and  the  density  of  the  image  observod  (Fig.  6). 


Fio.  5. 


I,  photognphic  film  expoaed  at  ordinary  toniporatare.  2,  photographic  111m 
eoolM  in  liquid  air  daring  «xpoaare. 

Both  wcro  exposed  for  the  tame  lougtb  of  time,  and  both  wore  devuloped 
together. 


Fiu.  6. — Ultra-violet  spectrum  of  apark  diachnrgc. 

I.  on  film  at  ordiuuy  temperature.    2,  on  film  ooolcd  in  liqaid  air. 
Both  expoBcd  for  the  same  length  of  time  and  then  developed  together. 


DisTAKcE  OP  Plates  moM  Soincr.  or  Liout  oivrau  tue 
PuoToomi-Hic  Iktbmsity. 

RAME 

SoaraflfUsM. 

GaolidFUIe. 

Uneaoled  fUU. 

lUtlo  of 

Intenallka  kt 

BaluK*. 

Ifi  caodlo-powef  lamp        .,     ..     ,, 

Ultm-violut    epark    magneaiam    iuid| 
cadmium ../ 

BontgeDbulb      

la. 
10 

In. 

5U 

90 

m 

I  to    6 
itoI6 
1  to    6 
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A,  Tftcuum  Dap  with  liquid  »ir,  into  which  is  plsoed  •  photographic  flJm  in  ■ 
am&II  metaliio  slide  having  a  hole  is  the  centre.  C.  a  metalUo  slide,  boldisg  ■ 
photnpraphic  film,  which  w  exposed  at  ordinary  tempemtore. 

Both  of  thew  M«  exposed  to  the  light  ftom  a  16  candle-power  lamp  D,  ooo- 
W*""*  I-  |k\n,x.    TVv6  \\^\  \»  d\iaVDa^b»\  w  Voieraiaeid.  h^  the  diaphnigm  nt  E. 

^ t 
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Further  trials  were  made  by  bringing  tho  coolod  plate  nearer  to  the 
Boarce  of  light  nntU  finally  a  position  was  found  where  the  very 
feeblo  photographic  impression  that  appeared  on  both  plates  had  the 
same  density.  In  this  position  the  relative  distances  of  the  plates 
from  the  source  of  light  wore  measuroil.  This  mode  of  conducting 
tho  photographic  comparison  of  the  hot  and  cold  plates  gets  over  the 
difficulty  of  variation  in  the  intensity  of  the  source  of  light.  From 
these  experimonta  it  would  appear  that  when  cooled  to  the  tempera- 
tore  of  liquid  air  both  the  incandescent  lamp  aad  the  Rontgen  radia- 
tion were  reduced  to  17  per  cent,  of  their  pbotographic  action  at  the 
ordinary  temperature  ;  whereas  the  ultra-violet  radiation  was  reduced 
to  about  6  per  coot.  This  marked  increase  in  the  inertia  of  the  photo- 
graphic plate  at  low  tomperatures  for  tho  short  wavc-longths  cannot 
be  explained  by  the  absorptioo  of  liquid  air,  for  such  radiation  as 
this  is  small  for  a  thickness  of  10  to  20  mm.  of  the  liquid.  It  is 
possible  that  tho  ultra-violet  radiation  is  dissipated  by  tho  photo- 
graphic film  at  low  temperatures  to  a  greater  extent  than  with  ordi- 
nary light,  through  absorption  and  subsequent  emission  as  a  pbos- 
phoreseout  glow.  It  would  seem  probable  tbat  if  the  plate  could  lie 
developed  at  these  low  temperatures  no  action  would  be  apparent, 
and  that  it  is  during  the  heating  up  after  the  low  temperature  ex- 
posure that  the  photographic  action  on  the  film  takes  place  through 
an  internal  phosphorescence.  This  possibility  must  make  us  can- 
tioos  in  drawing  inferenods  as  to  poflsibic  chomtcal  action  at  low 
temperatures. 

A  more  elaborate  study  of  photographic  and  phoephorescent  effects 
at  low  temperatures  would  add  much  to  our  knowledge  of  the 
chemical  and  physical  actions  of  light. 


Vou  X\^    (No.  02.) 


8  I 


INDEX  TO   VOLUME  XV. 


Abku  Sir  Frederick,  Dooationf.  309, 

608,789. 
Aliney,  Capimin,  The  Theory  of  Goloar 

Viaion,  St 
Addr«<»   to  H  JL  The  Queen,  502 ; 

leplf,  511. 

to  Lord  KelTtn,  235 :  repi j,  28S. 

Air,  Liquid,  133,  557. 

S<did.  186. 

AmaaoD  Kiver.  Cable  Layinfr  oa,  219. 
Anava)  Heeting(1896)  175,(1897)433, 

(189S)722. 
AntiTeoeoe,  107. 
Argon,  1. 

AnBi»b«d,  J.  J.,  Fiah  Culture,  39. 
Aaarria,  Metal*  n«ed  in.  609 
Atkiition,  Limita  of,  417. 

BAcmiAL  Condition  of  Water.  64. 
Barrr.  J.  Wolfe.  Donation.  909. 
lV>nt'ii)clL  Lord  William,  665. 
BidwoU.  S..  ^ome  CarioMtie«  of  Vision, 

S.M. 
BiDr.it'.  .\.  R..  The  Tunnel  nnder  the 

Thames  at  Biai'kwall.  !<1. 
Ulniiiui:  am.   Bringing  of  Water  to. 

frv>m  W»l, «.  6T9. 
Binvli.  A..  John  Wfeler:  Some  -Aspects 

of  tho  Kic'iternth  Centurr.  233. 
BUckva'.l  tunntl.  SI. 
B>o.  J.  C,  Polarisation  of  the  Electric 

Br«n;well.    Sir    Piedirick.    IVuatioii. 

7S3. 
Btuaner,  Sir  .Tohn.  EV^natixi.  7S9. 
Bad*  and  Stipules^  .VS. 

Cable  La  rice  on  the  Amam  Birer. 
217. 

Canw-buTT  Cathedral.  S^. 

The  "rv«a  of.  Canterbury  Catbe- 

dt*;.  t^Av 

Cajri  CVS,  Jo'  n  B..  Donation.  79S. 
Caih  «!e  a^i  RTatcen  RadiasicDs.  55)0. 

K.iTs.419. 

Oenttsarr  ■-•f  the  Roval  iBstitntko.  to 

W  <vli :  ratf«  in  ISS*?.  tXti 
Cben-ica!  E.tsaaents  is  Klatkn  to  He«t 

7S& 


Christie,   W.   H.    IL,    The    BeoeDt 

Eclipse.  810 
ChmDogiapha,  176. 
Clarke,    Sir    Andrew.    Sir    8tamfoid 

Baffles  and  the  Malar  Sutea,  754. 
GcJlier,  U<hi.  John,  Foftzait  FaintiBg. 

36. 
Colour  Photrwraphr.  151,  d02. 

ViMon,  The>iy  trfL  Sifi. 

Compressed  Air  in  Tnnnt^Hni^  ST,  93. 
Conder,  C.  B.,  Palectine  Explcntiun. 

346. 
Contact  ElectricitT  of  Metals.  521. 
Crookec's      Besesirdiei     <a     Qeeaie 

ShadoTs,  191. 
Crookea.  W..  Diamoodk  477. 
CiTstals,  Lirittg.  723. 

Dkitax.  J..  DntaticM.  2S3;.  OOS.  7S3L 
Liquid  Air  a*  an  AsaJTac  Anait, 

815. 
Xew  Beseaicbes  ce  Lortai  Air. 

133. 

Properties  ■>"'  Li;T.<£  Tl-".?*"!-  ••55. 

Be-ele«rd  Fsltra.i  r"r-  ddsax  rf 

Chemi^tTr.  147. 
Diam<ind^  4<  i. 

Dickson.  C.  Se>L-«.  T*-Ba:::>TU  "r.:. 
Dixon,  Harold.  ExT>->ii.'c  ;  ji^m^^  -^1. 

Eablt  Man  in  S<n.<uh=ii.  Sri 

Kartbqmke?.  3i^. 

Eclipa?.  The  Rei.-e^;.  ■»; '.: 

ELprpt,  DereJoptiiecj  z(  ijiit  Tan.:  s~ 

7"««. 

Metal;  used  i:^.  rV*. 

Electric  Rav,  P.:iarisi.t  c  .tL  *<v 
Beifeaich  at   Lew   rt=i.:*irircr>£&. 

233. 

Shadow*  a=>£  t-rrMtnspinsaf.  Irl 

EltL-ctuvMa^TkOr  i»iiii»-a.T:_  i.V 
Ei'.ia.    A-    J_    C:i_*rQ:c    n:     Tiii.::x 

Focks  ppBSf- ftfi.  '  I Z . 
Ewins.  J.  A  .  Hrfwrji^ai  2?? 
ExpJceivZ  F^aiiik.  4J':. 


FaaxiXAT-'s  PiirTf-iaf  3  aw  F.uar 

tiw  of  Lid::.  r;»f. 
Famr.  Sir  W.  Jl  D.T,aT>.iTi  41!: 


^^F               ^^^^^V                                                            831  ^^M 

Fish  Onltnre,  39. 

Lnbl>ock,  8Lr  John,  Bads  and  StipniM,  ^^^H 

Flamefl,  Soume  of  Liglil,  366. 

565.                                                               H 

Fleming,  J.  A.,  Elwtric  aod  Magnetic 

Ludicrous,  Theory  of  the,  95.                          ^1 

KeMcarcli  nl  Low  Temperatures,  239. 

Ludwig  and  Modem  Physiology,  11.             ^H 

Fluoriue,  H5.  ^52. 

Lumiuesoeuce,  191.                                       ^H 

Frankland,  E.,  Water  Supply  of  Lou- 

^H 

don,  53. 

Madden,  D.  H.,  The  Early  Life  and         ^M 

Yrtxaer,  T.  P.,   ImmunigatiOTi  againet 

Work  of  Sliftkc-spoare,  743.                              ^M 

K          Serpenlit'  Veaoai,  &e^  107. 

'     Garnbtt,  Thomnfl,  Portrait  Presented, 

Magnetic  Curve  Tracer,  229.                           ^1 

Seseiarch  at  Low  Tuinpcratares,         ^H 

230.                                                      ^^H 

790. 

Magneto-Optio  Rotation,  IQH.              ^^^M 

Gl»il«tone,  .1.  U  .  The  MeUls  Uaed  by 

Mahiy  States,  754.                                     ^^^1 

K         the  Gn«t  Nulions  of  Antiquity,  (i08. 

Miinaorglj,  J.,  Bringing  of  Water  to          ^M 

H     Gny,  Andrew,  Magneto-Optiu   Rota- 

Birminghiiiu,  679.                                           ^M 

H         tioii,  70c!. 

Marconi'd  Hystem  of  Bignalling,  471.              ^M 

■     Qkwv,  hUMi  Used  in,  617. 

Marine  Organ  Ihu»,  75.                                   ^H 

■      Grove,  Sir  William,  Bunt  of,  Presented, 

■'  Markfd  ruixplorcd,"  664.                    ^^M 
Martin,  T.  0.,  Utilisation  of  Niagart,^^^! 

2«9. 

^      Gun  Ballietioa,  176. 

^^M 

K 

Metallic  Alloyn,  409.                                       ^H 

■    HAWDWKrnva,  375. 

Metals,  Cnntnct  EUotriclty  of,  521.                 H 

■     HawkinR,  A  H.,  Romance,  438. 

used  liy  thu   Great  Nations  of         ^M 

■     Uawktiey,  C,  Donntion.  783. 

Antiquity;  608.                                           ■ 

H     Heat,  Chemical  Elcmccta  in  RcLition 

Mes8«l,  Rudolph,  Donation,  783,                   ^M 

■         to,  735. 

Mc-toorites  containing  Diamonds,  499.           ^H 

■      Heliuto,  8. 

Heteun,  November,  337-                                  ^H 

■      Heyeock,  C.  T.,  Metallic  Alloys  and 

MeLroix)litan  Water  Supply,  53.                     ^| 

1          the  Theory  of  Solution,  40'J. 

Miall,  L.  C  A  Yorkshire  Moor,  621,     ^^M 

History,  The  Fioturesqao  in,  313. 

Microbes  in  Water,  G'i.                           ^^^H 

Unmour,  96. 

Milno,  J.,  Recent  Advances  in  Beiv-^^^H 

Hydrogen,  Liquefaction  of,  1-12. 

nmlngy,  326.                                              ^^^H 

Hjttereaia,  227. 

Minehin,  K.  A.,  Living  Crystola,  733.          ^H 

BIoisBttti,  H.,  Le  Fluor,  452.                     ^^^H 

'         IwOTiKor  and  Intelligence  in  Animals, 

Mon<l,  L.,  Donations,  283,  7S3.               ^^^H 

567, 

Moiitijly  Meetings  .- —                             ^^^H 

(1896)   February,   32:    March,  78;    ^^B 

tLttTur,  Lord,  Address  to,  on  the  occa- 

April, 147 ;  May.  187  ;  June,  235  :          ■ 

sion  of  thu  <Tubil(.-e  of  liis  Profesisor- 

July,  280;    November,  283;    De-          ■ 

sbip  in  Univeriiity  of  Glasgow,  235 ; 

cember,  289.                                                ^M 

reply,  283. 

(1897)  Februarv,  309;  Man>h,  350;          ■ 

Conuict  Electricity  of  Mctnls,  521 

April,  413  ;  May,  434  ;  June,  502 :          ■ 

July,  508;    November,   511;    De-         ■ 

Lib,  Sidney,  National  Biography,  27. 

renibcr,  517.                                              ^M 

Lenurd'a      Itesearobes     on      Electric 

(1898)  February,  602;  March,  660;          ■ 

8ha.iow»,  202,  430. 

April,  t:'.t9  ;  Mar,  732 ;  June,  7S3 ;         ■ 

Leonard.  H.,  Donution,  661. 

July,  789;   Nuveraber,  793;   De-         ■ 

Lilly,  W.  8.,  Theory  of  the  Lndioroos, 
95. 

cem'ber,  799.                                                ■ 

Morgan,  C.  Lloyd,  Instinct  and  IntcUi-         ^M 

Lippniann,  G.,  Colour  Photo gropby,  151 . 

gence  in  Animals,  567.                               ^M 

Liquefying  Apparntua,  134. 

Miirlality  Figures,  168.                                   ^1 

Liquid  Air.  1^3. 

Murot,  j'.,  )J64.                                                  ^M 

— OS  im  Analytic  Agent,  815. 

Murray,  John,  Murine  Organisms,  75.          ^H 

Oxygen,  Fm|>crtie«  of,  555. 

^H 

Living  CrvBtnU,  723. 

Natiokai,  DiOGRAruT,  27.                             ^H 

Luudori,  L<ird  BiHhop  of.  The  Pictur- 

Niagara.  (Jliliiiatiun  of,  2(Ji).                          ^H 

c«quo  in  Uiiiliiry,  313. 

Noble,  Sir  A..  DouaUous,  2»3, 508, 789.         ■ 

Lord,   W.    Fnwen,    "Marked    Unex- 

^H 

plored/'  664. 

NoTeuibvr  Moloors,  837.                                ^H 

88S 


in>Bx« 


Northumberland,  Doke  oC  DonatLan, 
289. 

OasAxic  Matter,  Circaktioii  of,  157- 

Pajlbtcr  Exploration,  340. 

Metala  uaed  in,  615. 

FMrie.  W.  M.  FUndwi,  The  Derelop- 

muit  of  the  Tomb  in  Egypt,  769. 
Phnioo-Cheinieal  Inquiry,  Beoent  Be- 

■nlta.  611. 
niysiology.  Modem,  11. 
Pictnretqne  in  Historr,  213. 
PaJaogiaphj,  Greek  and  Latin,  375. 
PolariMtion  of  Electric  Ray.  HZ. 
Poore,  G.  v..  Circulation  of  Organic 

Matter.  157. 
Portrait  Painting,  36. 
Praeee,   W.    H.,   Signalling    throogfa 

Space  withoat  Wirea,  467. 

Baitub,  Sir  Stamford,  and  the  Malay 

State*,  754. 
Bayleigh,  Lord,  More  about  Argtm,  1. 
B«-electcd    Profeaior    of 

Natnial  PhikMophy,  187, 434. 

The  Limit!  of  Audition.  417. 

Some  Expoimenta  with  the 

Tdepbooe.  786. 
Be&artion  of  Electric  Bay.  300. 
Bomance,  438. 

Romaat «.  Mn).  G.  J.,  Donation,  7S3. 
Kont^t-n  Kadiationa,  580. 
Boutgt>n'«     BedvarclKis     on     Electric 

Shadow*,  191. 

Sjax>xoxs,  Sir  DiTiJ,  Donation,  783. 
Sand<:r8on.      Bnrdon,     LuJwig     and 

Modem  Phniology,  II. 
Scotland.  Early  Man  in,  3^1. 
Serpents'    Yeoom,    Immnniaation 

against,  107. 
Seismology.  32'^ 
8hake«pe«[re,  William,  Early  Life  and 

Work.  743. 
Siemena.  A..  Gable   Laying   on    tiie 

Amazon  Birer.  '217. 
Sissnalliug     through    Space    without 

Wirea,  467. 
Singapore,  Founder  of,  754. 
Smithells,  A..  The  Source  of  Light  in 

Flames,  366. 
Snake  Bite,  Treatment  of,  107. 


Solution,  Theory  of,  409. 

Specific  Heata,  736. 

SpoDgea,  723. 

Stoney,  G.  Juhn^tooe,  The  Approach- 
ing Betnm  of  ti^e  Great  Swarm  of 
November  Metcort,  337. 

Swintun,  Alan  A.  CampbelL  Xew 
Studies  in  Cathode  and  Buntgen 
Badiationa,  5!>i>. 

Telzpboxe,  Some  Expeiimena  with 

the,  7s6. 
Temperature*.  Besearrh  at  Low,  133, 

23^,  555,  815. 
Thomson,  J.  J..  Cathode  Bays.  419. 
Thompson,  Sir  E.  Manode,  Gieek  and 

Latin  P.>laeoeraphT.  375. 
Thompai.m.  S.  P..  Electric  Sbadow*  and 

Lumineaoence.  1:<I. 
Thorpe,  T.  E.,  S-ime  Becent  RefTila  of 

Physico<rhemicaI  Inquiry.  ^1. 
TUden,  W.  A..  ExpeiinKnts'  on  Chemi- 
cal Ekmenu  in  Bclatijo  to  HeaL 

735. 
IVMet.  The,  Proprietor*  of.  I>?cat»n, 

2s3. 
Tomb.  Development  oC  in  E^ypc  76£*. 
Tiout  Str<«m.  50. 
Tunnel  under  the  Thame*  at  B!aek- 

wall,  81. 
Turner,  Sir  William.  Early  Mf»   is. 

Soi-tlaal.  %'l. 
Tyndall.  Mrs.  Gi:";  :f  IVXk.  :=  :^i=3e  :f 

Dr.  JoLa  ryi-iall.  >-i. 

VACrrx  V(.«*r!a.  134. 

Vincent  B..  For..-*::  .f.  Preaeiwd,  517. 

Viscosity  of  Li  jai  is.  ►Ml 

Virion.  S.'^nio  Hjt.  :»:uts  :1  354. 

Vitalism.  Old  a:;d  Srw.  il. 

Volta's  DiMovehek,  ?21. 

Walxix,  a.  D..  Electee  F^:r.aL 
Professor  of  PhTi;  :•",-•  j.  ifi 

Water  Supply  of  L.--ir-.  c«>. 

Watkin.  H^'Chros.cr*?:.*.  i=i  i-e- 
ApplicaRoa  to  Gua  BalliiS:^*.  l~r 

Wesley.  John,  233. 

Wiedemann's  Br^earchftf  :-z.  TZiCSiz 
Shadows  and  Lnminaaxsoc,  :^'^ 

YoKKsmax  Moor.  621. 


KSD  OF  VOLCVE  XV. 


raisnit  bt  viuuam  cu>«i»  asi>  <osi^  laoti: 
STAxraan  siskbi  axs  caiaisii  cbjsl 


k    » 


■ffii 

3  LiTu;  ng?  655  HHb 


STANFORD  UBRARIES 


/ 


<9004 


